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THIS Essay is {Minted by express desire 
of a number of gentlemen, to whom I de- 
livered a private course of Lectures on* Prac- 
tical Chemistry. The task imposed upon 
me was, to draw! up a set of concise direc- 
tions to enable a person, not intimately ' ac- 
quainted with analytical cheipistry, ' to ' exa* 
mine such unknown minerals as he may 
itaiDet jlrith, . so as readUy to ascertain their 

nature and principal component parts. 
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While endeavouring to accomplish this 
object, I have surpassed the limits I had in 
view, I have not only exhibited the best 
methods of analysing all the different genera, 
and principal species of metallic ores, earths, 
stones, inflammable fossils, and mineral salts, 
frequendy met with ; but I have also given 
examples to elucidate the analysis of such 
minerals as are less abundant, or are less 
frequently found in nature. The student 
will thus become enabled to exasning aH the 
different mineral substances which constitute 
the solid part of the globe which we inhabit ^ 
so as fo determine not only the nature, but 
also the class, genus*, and species to which 
an unknown mineral belongs, according to 
any c£ the adopted systems ef mrneukigy/ 

The .minerals selected, as: Subjected of esa 
f>erintfnt, have beea considered: n*erdy wfch 
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regard to their chemical habitudes ; that is 
to say, abstractedly from all external cha- 
racters. ' The names adopted by Kirwan are 
retained, in order that the works of these 
authors may be consulted with facility. 

I do not Batter myself that I have in every 
instance accomplished the end I had in view, 
but I am confident that the general methods, 
and practical rules here pointed out, will 
prove useful to the student of mineralogy 
and chemistry. 

FRED. ACCUM. 
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PRELIMINARY OBSERVATIONS. 

r 

THE name of Mineral is given to 
all those inorganic, and inanimate substances, 
which form the solid mass, or rather theex- 
ternal covering of the globe which we inha- 
bit ; so far at least as the labour of man has 
hitherto penetrated; 

The art .of describing minerals: with such 
accuracy and predsion-asis sufficient to dis- 
tingufcH tfeem from each other, by means of 

c 
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their external, or obvious physical characters, 
constitutes the science of Mineralogy. 

The art of examining minerals by the ap- 
plication of chemical agents, so as to acquire 
a knowledge of all their constituent parts 
which nature had concealed from our view, 
forms a branch of practical chemistry, called 
the analysis of minerals. 

This latter field of inquiry at first sight 
appears immense and intricate. But the 
great progress which chemistry has made 
during our own-tme, i»s~greatly facilitated 
this branch of philosophical inquiry. That 
it may be accomplished with tolerable abcu- 
racy, even by persons not deeply skilled in 
sjiemical pursuits is the: intent of tW& essay. 

G£N<ERAk NATURE OS THE GPE&ATKfttf AND 

INSTRUMENTS OS ANALYSIS. ~ . 

« • 

Before we proceed to exhibit the methods 
made use of by chemists in analysing mine- 
rals, we shaft give a short aca^unt q£ ; those 
general processes and instruments to -vvhich 
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it is necessary Id have continually recourse 
in almost every analysis. 

The chemical examination of minerals 
consists in a series of operations, calculated 
either to separate the constituent parts of 
the body .under examination! from each 
other, and exhibit them to our view in a de- 
tached stale, or to cause them to form new 
compounds. The methods employed for 
this purpose consist in subjecting the mine- 
ral to the action of certain bodies which are 
capable of producing some positive changes 
amongst its constituent parts. The substan- 
ces employed are called Chemical Re-agents, 
or Tests. These bodies when properly ap- 
plied quickly produce a change striking to 
the senses, from which we infer the presence 
or absence of certain bodies. The action of 
tests therefore J facilitates and guides our in- 
quiry ; no chemical analysis can possibly be 
made without them -, they are the compass 
by which the chemist steers. 

Besides these agents which may be con- 
sidered as the active instruments of expe- 
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riment, the chemist must be in possession 
of a variety of other instruments, which pro* 
perly speaking, possess no positive power, 
but which principally serve for conducting* 
and facilitating the operations necessary for 
the practice of his science. The instruments 
of this kind are called chemical apparatus. 

It was once thought that for the purpose 
of experimental inquiry, particularly of this 
nature, a place or laboratory, regularly fitted 
up with furnaces and other apparatus was 
absolutely necessary. But this is by no 
means the case. The great improvements 
which have been made in analytical chemis- 
try have superseded this necessity ; and it 
is uow universally admitted that all the ope- 
rations of analysis may be, in the small way, 
conveniently performed, by the help of a 
,few instruments, in the closet of the amateur 
of the science ; and that even all the appara. 
tus, re-agents, and other articles of experi- 
ment, necessary for the analysis of minerals, 
may be comprised in a convenient travelling 
chest. 
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.When the object is to analyse a mineral; 
for instance an : ore, particularly with a view 
to ascertain the comparative richness with 
respect to the metal it contains, it is absolute- 
ly necessary that specimens of the ore, be 
taken, from the richest, the poorest, and 
from that which s&ms to be of middling 
quality. This precaution is indispensable, 
because were the analysis made with a rich 
specimen, it might raise too flattering ex- 
pectations ; .or if with a poor one, it might 
produce discouragement. 

Hht next step in the analysis of any kind 
of mineral, consists in separating die sub- 
stance intended to be examined, from all 
kind of extraneous matters, » with which it 
is always more or less united. They may 
be separated by picking-, washing, or other 
mechanical operations; in order that the 
mineral may be examined pure or unmixed. 
This being done its specific gravity hiust be 
ascertained The method of accomplishing 
this, -may be seen under the head of Char&c- 
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iteristic Properties of Ores. The substance 
employed should then be reduced to an im- 
palpable powder by means of the pestle and 
mortar. This operation is called pounding, 
or pulverisation. The bottom of mortars 
should be concave, and' their mdefc neither 
so inclined as to allow the substance operat- 
ed on, to fait to the bottom, between each 
stroke of the pestle, nor so perpendicular as 
to collect it too much together and petard 
the operation. A steel or iron, mortar, is 
convenient for dividing large spebimerfs . of 
minerals into smaller pieces, to render them 
more fit for being reduced to a finer pow* 
der in a smaller mortir of Wedgwood's* 

ware, or agate. ! ' 

Trituration, differs ftom the process of 
pulverisation, only ki degree,; it is perform* 
ed by giving a rotatory motion to the pes* 

tit. * • *-» /• ' rf 1. ;f\ ' - .<! \'-' ; < ' 

Lev^vtwn <&$&& from* tritu^catioh in the 
addition, pf w#er, tfe J&e potoder operated 
upon i >s* m<$& &fm fas i whole >mass ir#> a 
tenacious, or rather^liquid paste, which is 
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nibbed in the : mortar till lit as las line as w*. 
quired. - Very hard substances particularly 
all stones of thfe silicic^ gefoos must lie v& 
peatedly , boated, to ; redness, and 'then swd£ 
denly quenched in cold water, inonlep te 
reader them wficseqffy friable. ! 
- .i^RnspW^.loTfcc quantity dt subsfek$fe 
thus previously, comminuted, should next 
be accurately > determined by die • process 
palled weighing: for that p^Tpdfee 1 the «6pei. 
rater 'should be provided with ft go6d fi& 
lance, and an accurate * set r of ! weights 5 . 
The beam of a good balance should ife* 
tlfain in equilibrio without die scales, and 
when the -scales are changed, and should 
turn sensibly with a small- portion of addi* 
tibft&fc weight when load^. ^Scales must 
be defended as ffiub&ia pd&sibtfc ''4tote : *tiA 
vapours, as their delicacy is impaired' 6y 
them : for the same reafc&V they iifever shouKl 
be werioadod. It ls<Df the utmost conse- 
quence in eVe*y knalyais, to ascertain Ht kll 
tijnes the pffceisie quantity of arty matter 
which is Subjected t^eiaminiU^n/^ankl^^&i 
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to distinguish wiih 1 equal accuracy, the quku 
tities of the products. Hence &e .instru- 
ments for weighing are to be regarded as 
particutolytteservingof the yaungjanalysist^s 
attention, ... ..\»r- ;» ! .'■• .V./s 

Solution is a most gjenerai process of aaa* 
iy^is. It i* the diminution of the aggrega- 
tion of my solid substaace, in consequence 
of its entering iftto^a aew chemical combina- 
tion, i I TJ»$r|>r<pQ^$! t^si^tejria affusing 
ujpiI A the si»b$Bu*c&iQ; be dissbtvfcd r & fluid 
employed • as solvent ;• suffering it to stand 
in the cold, or assisting the action of the 
bodies upon e$ch other by: heat, according 
to the nature of the substance. Solution 
may be performed in, glass matrasses, or 
Florence fl^ks. . The Mes^el employ ^d should 
not be aboyje one-third foil. It $hoDdd be 
tied over with a piece; of wet bladder, and 

* » * 

pierced with one or more small holes tnade 
with a pin, so that the evaporation of the 
fluid may. bp retarded as much as possible. 
The flask may be.hft^ted: oyer the temp- 
furnace (see plate facing the title' page.) 



Solution is aec^jerajted by shading and£gi+ 
tatiog the mixture. Perfect transparency 
and permanent suspension of the solid, are 
marks of perfect .solution, by whichit.is clis* 
tinguished frcHtt^mpJej^xture, qr m^ch^ni- 
cal diflusion. , . . ,' 

. Precipitation is the reyergfcof solution. 
It consists in separating a dissolved b^djj, 
from the solvent or substance which held.it 
in . .ftoltttiop by the irtter^tipn of . awtfjEf 
^>ody. The substance separated jis.calj^ 
the precipitate. fcon£ c^cal, JStyKftvflfr 
swerjyeiy well for th&prqcess. y ; ■- j M :^ 

^/^r^^'on isemployed for separating solids 
from fluids, particularly when the fonder * 
do not subside, or at least very slowly. To 
filter substances, white paper freed from 
size, ,akun, &c. r(&l<!erip8LP^^r) v ^.J[qlded 
in a conical form, called a filter,: and placed 
in a glass funnel. The substance to be fil- 
tered is then poured upon the filter gradu- 
ally. That part of the fluid which, passes 
first, is seldom, clear; it must thei^fojre 
be poured back again upon the filter, until 
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by the swelling of the fibres of the paper, 
die fluid acquires complete transparency. It 
is of advantage in filtration to introduce 
glass rods, bleached p&ck-thrfcad, or Btraw 
between the filter and the funnel, to prevent 
the paper from adhering too closely to the 
latter. Acids, alkalies, and other corrosive 
fluids, are best filtered by means of a glass 
funnel filled with pounded glass, a few large 
pieces being first put in the neck of the fun- 
nel, smaller ones over these, tod' the- finer 
powder placed over all. Tf he -porosity of this 

Tund of filter retains- much of the fluid,- but 

• '- »• . • ».»<• 

it may be recovered by genfly pourmg on it 
as much water ; the fluid will then- be dis- 
placed and pass through, and the water be 
retained in- its place. 

Decantkiibn differs from filtration merely 
in degree, it is the expedient by which such 
fluids are separated from solids, as differ 
considerably in specific gravity. The hea- 
vier body falling to the bottom speedily, so 
as to allow the supernatant fluid to be de- 
canted, either wholly or in part, without 
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disturbing the heavier part. DecaniatiOn is 
best performed from tall cylindrical glass 
vessels, furnished with ^ spout or lip. 

EJutrition is confined to such mineral 
substances m which water has no action. 
It is performed for separating them fnaa. 
foreign, parties and iotpMrities of a differ- 
ent specific gravity, in which case they are 
said 40 be washed ; or for separating the im- 
palpable powdeis obtained by trituration and 
levigation, from the coarser particles. This 
process depends upon the property that very 
j$ne, or light powders have of remaining for 
some time suspended in water ; and is per* 
formed by diffusing the powder, . or paste, 
formed by levigation through plenty of wa- 
ter, letting it stand a sufficient time until 
the cQarser particles settle at the bottom, and 
then pouring off the liquid in which the finer 
or lighter particles are suspended. (See ana- 
lysis of gold dust.) Fresh water may be 
poured op; the residuum, and the operation 
repeated ;, or the coarser particles which fall 
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to the bottom may be previously levigated 
a second time. 

Evaporation is a chemical process intend- 
ed-for separating vfclatile, from fixed ttocfces, 
by converting the former into vapour by 
means of heat It is performed in glass 
spheres, or shallow basons of Wedgwoods 
ware, supported by the lings of the lamp- 
furnace ; (see plate facing thfe title. ) Small 

" * 9 f * 

quantities of fluids may be conveniently 
evaporated in watch glasses, whose absolute 
weight is marked on the outside by means 
of a diamond. Evaporation is promoted 
by enlarging the surfe.ce of the fluid, and by 
agitation. 

Distillation is a process of evaporation 
performed in close vessels, so as to collect 
the products. Distillation is performed by 
means of a Retort $nd Receiver. The re- 
tort is % globular vessel either of glass, or 
earthen- ware, with a neck extending in a 
curved direction- from one side of the globe, 
terminating in an open poiiit Or • mouth. 
(See plate facing the title.) The materials 
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to be distilled are introduced into the body 
of the retort, and heat is applied, to cause 
the substance to boil. To die neck of the 
retort is adapted a receiver, or globular ves- 
sel, with a short straight neck, wide enough 
to alio w the neck tif the retort to be intro- 
duced into it. (See plate facing the title.) 
It is intended to condense and receive from 
the retort, the fluid that distills over. 

Abstraction is that species of distillation 
in which a fluid once distilled, is again dis- 
tilled off, from die same substance from 
which it was obtained. 

Reduction is the operation employed fop 
restoring oxids of metals to the , metallic 
state by the intervention of another body, 
which acts . chemically upon them. It is 
performed in crucibles, or other vessels, by 
the action of heat, and interposition of dif- 
ferent substances. 

Roasting or Ustulation is a process to be 
performed upon metallic ores, by exposing 
them in a .crucible, or other convenient ves- 

x> 
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sel to the action of heat in contact wkh air. 
The volatile parts are thus driven off, . and 
the ore is prepared for. farther arafysis* 

Fitrijication is the fusion of such substan. 
ees as are capable of assuming the bright- 
ness, transparency, and haidness of glass* 

Stratification consists in arranging solid 
substancesan layers, wkh intermediate strata 
of other substances, in order to expose 
them in a crucible to heat, so as to cause 
them to act upon each other. 
•' - Granulation is employed for the mechani- 
cal division of some metals. It is perform- 
ed either by stirring the melted rrtetal with 
an iron rod until it cools, or by pouring it 
into water and stirring it continually, or by 
pouring it into a i Covered box, previously 
well rubbed- with chalk, and agitating it un-, 
til the metal cools, when the rolling motion 
will be converted into a rattling one. The 
adherent chalk is to be washed ajtfay. 

Ftmon is the conversion of a solid into 
a liquid, by the application of hdat The 
substance thus rendered fluid, is said to be 
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fused or melted. A minute quantity of a 
substance may be fused by the flame of a 
candle, or lamp, urged by the blow-pipe. 

The best blow-pipe is a conical tube, 
furnished with a small pipe hear the base, 
to which jets or caps of different perfora- 
tions may be adapted at pleasure. The air 
is either forced into the blow-pipe by the 
lungs of the operator, or by means of dou- 
ble bellows attached to the instrument. The 
substance to be fused must be placed upon 
a piece of charcoal, or held in a spoon, made 
of pure silver, gold, or platina. The quan- 
tity of the silbstanCe examined by the blow- 
pipe, should not exceed the size of a pep- 
per-corn. If larger quantities of substances 
are intended to be fused* the vessels in which 
the operatic*}, is to be performed, are called 
crucibles, or melting r pots. 

Crucihlei are made of different materials. 
It is absolutely necessary! to havs> a crucible 
of perfectly pure silver. Those of earthen- 
ware should be of various sizes and shapes. 
The larger are generally conical, with a sfrmtt 
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spout, for the convenience of pouring out 
the melted matters. The smaller crucibles 
are truncated triangular pyramids. Those 
known in commerce by the name of Hessian 
crucibles are in every respect superior to 
those mani\factured in this country. The 
black-lead^rucibles made ofcfoy and black- 
lead are very durable, but they cannot be 
vised for alkaline fluxes, or saline matters.' 
Crucibles which ring clearly when struck, 
and which are of an uniform thickness, and 
have a reddish brown colour, without black 
spots are the best; they should never be 
placed upon the grate of the furnace, but 
always on a piece of brick or other support 
of stone, or earthen- ware. When the fusion 
of a metallic substance is completed, the 
substance may either be permitted to cool 
in the crucible, or it may be poured into a 
heated mould anointed with tallow (never 
with oil) or what is still better, covered with 
a thin coating of chalk ; which being pre- 
viously diffused in water may be conveni- 
ently applied with a brush, and then evapo- 
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rating the water completely by heating the 
mould. Conical moulds for receiving fused 
substances are called casting-cones; bar- 
shaped ones are called ingots. 

For performing all the operations of ana- 
lysis which require the aid of heat, and par- 
ticularly the process of fusion, a portable 
universal furnace, and an improved lamp- 
furnace are the only instruments necessary. 
The operator who is provided with them 
may perform all the operations of experimen- 
tal chemistry which require a very low or 
very intense heat 

As an intense heat is very often necessa- 
ry to fuse bodies, as well as for conducting 
conveniently other chemical operations, the 
portable universal furnace is the most useful. 
The good draught of furnaces, of any con- 
struction, depends on access of the atmos- 
pheric air from below, and on the height of 
the column of heated air. When the chim- 
ney of the furnace is lengthened, the differ- 
ence between the specific gravity of the 
column of heated air which it contains, and 

d 2 
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the column of external air being greater, 
a larger quantity of fresh air is constantly 
forced through the fuel, and a strong 
draught, as it is termed, is formed. 

The portable universal furnace (see the 
annexed plate) is made of strong wrought 
into plates. It is lined with bricks, bed* 
ded in fire-proof loam* The height of 
this furnace without its chimney a a id 
two feet* The inner diameter of the 
cylindrical fire-place, measures 12 inches* 
The body of the furnace is elliptical ; in its 
upper part a circular hole is cut, for receiv- 
ing an iron sand^pot £ which may occasion- 
ally be removed, and exchanged for an iron 
plate.. In the front of the furnace there are 
three openings over eaciv other, furnished 
with sliding doors, and fitted with stoppers 
made of crucible- ware. The lower opening 
c, is the ash-pit of the furnace ; it i$ com*, 
posed of two register plates, sliding back- 
wards and forwards in grooves^ in order to 
diminish^ or enlarge the opening for regu- 
lating the heat, by admitting or e&otadmg 
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air at pleasure. In fhe side of the furnace a 
hole is cut, furnished with a stopper and 
door, for passing a tube through the fire 
place of the furnace ; an expedient very ne- 
cessary for a variety of chemical processes* 
such as exhibiting the decomposition of war 
ter, alcohol, oils* Sec. for the preparation of 
phosphuret of lime, for passing gases over! 
ignited bodies, &c. In either of the open- 
ings in front of the furnace, a muffle may be 
placed for performing the process ofc cupdU 
lotion of gold r sihfer y &c. or, the neck of a 
retort (placedLoaa stand in the body of the> 
furnace) may be' passed through it; for dis* 
dilation by the naked fire >. for procuring 
gases which require a high degree of heat> 
&c. If the iron sand-pot b be removed, ,tad 
a rircu fax pfale properly lined with fife-day 
be placed in its room, the furnace becomes 
converted into a wind* furnace ; the fuel far 
then to be introduced through ehher of the 
openings in front. The iron, plkte at the top 
has a hole in the cfintre, furnished with a: 
stopper, to enai^ the operator to inspect 
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process at pleasure. If the iron-pot be 
placed inverted on the opening of the fur- 
nace, it forms a dome, and the furnace be- 
comes a reverberating furnace. The iron- 
pot when filled with sand, or water, placed 
in its proper situation, serves as a sand or 
water bath, for the processes of distillation 
by means of glass retorts, for evaporations, 
sublimations, digestions, &c. Coke and 
charcoal, are the best fuel: this mixture 
burns without smoke, and gives a strong 
uniform and permanent heat : charcoal and 
common coal, or coal only, does likewise 
very well The elbow of the chimney a 
may be directed into that of the fire place of 
any apartment The furnace is furnished 
with castors, and may therefore be easily 
moved according to the convenience of the 
operator. The great advantage of this por- 
table universal furnace, above all others I 
am acquainted with, consists in consuming 
as little fuel as possible.; in producing 
quickly if required an intense heat ; in the 
power of applying k as directly and as fully 
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as possible to the substance on which it is 
intended to act ; in regulating expeditiously 
and at pleasure its intensity ; in enabling the 
operator to perform any operation whatever 
which requires the aid of heat, and moreover 
in being able to perform these operations in 
the closet, or in any other place without risk 
of endangering the: conflagration bf the sur- 
rounding objects which were not meant' to 
be exposed to the action of fire. 

Lamp Furnace. Where a moderate heat 1 
is required in the small way, the impr-oved 
lamp-furnace, of which a drawing i& gftven 
facing the title page, proves very useful. It 
consists of a brass rod about 3 feet high', 
screwed to a solid brass foot loaded with 
lead. ' On this rod slide three brass sockets, 
with straight arms, terminating into brass 
rings of different. diameters, for supporting 
glass retorts, basons, flasks, crucibles, and 
for performing, distillation, digestions, saline 
fusions, evaporations,' &c. Each of : 'these 
rings may by. means of a steel thumb-screw 
acting on the brass socket, be set at different 
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heights. ; '$elow these rings ia a fountain 
lqtmp, on ArgamP* fdan> sliding on the main 
brass rod, by itiqans of ^ socket, and thumb- 
screw ; and may therefore be elevated, or 
depressed, . in. order 1 to communicate more or 
iessr|ieat to the vessel supported over it, 
This lamp-furnace may be taken to pieces 
and packed in a small box, i 
ijjhtttcfi. also form a necessary part of 
chemical articles. They ace compositions 
of various substances intended to dose the 
joinings. of vessels* Slips of, bladder mace- 
rated in water, .and applied wiih tiie inside 
next the vessels, *m emptoytdfor securing 
the junctures J oik retbets and receivers. A 
paste formed of jabnood^ ot linseed meal; and 
glue dissolved . in. water forms an 'excellent 
lute four similar purposes. Quicklime re- 
duced to powder beat up with white of egg, 
dinted with a little water, and retained by 
slips of linen, dries, quickly, and becomes 
very hard, which renders it an useful lute 
for the distillation of acids. The hites em* 
ployed foe coating glass vesselsy with the m- 
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tention of making them stronger and capable 
of resisting a sudden and violent heat, with* 
out soft ehiog; consists -of four pacts of fite 
sifted sand, aud one of Uay$ made into a 
very thin mass, and applied in successive 
layers, ; taking owe fhat each cdat . be . per- 
fectly dry, be&re another belaid on/ 

In the conducting df experhnsqts, I ban* 
wot reeorotaend jitter geiieral; rules, than 
those advanced by Mr, Henry, in his vahuu 
ble Epitome of Chemistry, p. 2, namely $ 
let every jar or phial have a label affixed tb 
it, denoting the substance it may contain 
(except in cases where the nature of the 
contents is evident from - mere inspection) 
and the date and object of the experiment. 
I would caution the student not to engage 
in many different experiments at once ; the 
consequences of which are, that the atten- 
tion is distracted, and that many interesting 
changes pass unnoticed. It will contribute 
to form, a habit of accurate observation if 
the appearances that occur in experiments 
be regularly and (fetincdy noted' down ; and 
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such an exercise will tend also to facilitate 
the acquirement of the art of describing 
chemical phenomena; to do which, with 
selection and precision is very far from be- 
ing an universal talent 

The analyst ought likewise to be provid- 
ed with a few other utensils, namely; a 
spirit-lamp, glass funnels glass rods for 
stirring acid, and corrosive mixtures, tum- 
blers, wine glasses,: apothecaries phials, 
Florence flasks, glass spoons, conical glasses, 
the inside of which terminate in an oval 
bottom, far putting a small piece of a mine- 
ral in to try the action of acids upon it, and 
a complete collection of chemical 
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Besides the instruments before enumerat- 
ed, the operator has occasion for a great va- 
riety of materials made use of as active 
means for performing his examinations. 
These substances are called chemical re- 
agents or tests (see page 27.) That we 
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may depend on the results which thcad 'bete 
dies ofler, it is absolutely necessary that, they 
should be in a state of possible purity... The. 
following is a complete collection of 'ohcnfjf* 
cat tests, and other articles accessary for th4 
analysis of minerals. ■:■ » 
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LIST Of CHEMICAL BE-Ajdl3m>8, io« TiaTf/ j 
' f M 

Sulphuric acid Carbonate : : of ! srtxitoi 

Nitric acid freed from itss* Pirate* 

Muriatic acid of crystallization 

Nitro- muriatic acid Muriate of tin 

Oxygenized muriatic • platina 

acid gold 

Phosphoric acid barytes 

Acetous acid mercury 

Tartareous acid ammonia 

Boracic acid Nitrate of lead 

Crystallise potash mercury 

soda silver 

barytes potash 

Liquid ammonia barytes 

Carbonate of potash Barytic water 

£ 
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Sulphate of potash Ftuafe of ammonia 

.,.;U....~.*.<. soda Aoetitie of silver 

* 

iron Hydro-sulphurdt of 



» • - 



Aioohol 

T&ctute of gaik ' Phosphate ofsodaand 

turmeric ammonia 

..... litmus Cylinders of copper 

PrUBsiale of potash ..«—•••• tin 

Black flux zinc 

White Hax •*.. iron 

Oxalate of ammonia 
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IF we contemplate the solid parts of this 
globe, we behold' an immense . kssembkge 
of a vast variety of heterogeneous bedie<£ 
We perceive it to be arranged witb: ^h 
/irregularity of distribution, whfth vnaifi ifoell 
excite our surprise, and arrest mm atteafttia. 
Stones, metallic s ubs tan c es^ i fa fla mate tfe 
fossil^ saline bodies, either in Tajfxkjfcro or 
in metallic aggreg a t i on, or else in tt state of 
comminution, are the only pn^rvcMBf& 
nent parts of the whole. . But hi prder to 
arrange oiir examination of : thcbe snhstarij- 
cea with greater precision^ asvivdl' . ift; to 
•facilitate the primary knowledge trf miners^ 
in general, mineralogists have divided them 
into four general classes, distingcushaUfe 
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from each other, by very obvious and per- 
manent characters. 

Whatever division we may adopt or 
frame, it is enough that the classification 
shQukl be sq made that Minerals which pos- 
sess some general, obvious, or physical 
properties should be arranged together, in 
order to form a certain system or methodi- 
cal a nang efufcnt, namely : 

Class 1, Ores. . ,2,:, Earths and 
Stones. 3, Mineralor native Salts. 
4, inflammable fossils. 

This is the general division of minerals 
adopted by men of science. But as some 
df these blisses present to us a vast variety 
of individuals of the same species, mineralo- 
gists have been under the necessity of sub* 
dividing Jtjiem into certain genera and 
species, in order to remove, or at least to 
facilitate the numberless difficulties which 
'would ' otherwise oppose the acquisition of 
general scientific knowledge. This will 
ibedome' mare conspicuous in the sequel of 
dbSs. essay. 
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THE name of the ores, or metallic 
ottes, as they are frequently called, is given to 
all -those natural bodies, which are either 
entirely composed erf meteds % o* of which 
metallic substances constitute the most con* 
siderable part* It is from this class of mine- 
rakUWat metals are obtained. < Thfc number 
erf met^ hltheicto knovm amottrtt to 23; It 
is obvious therefore, that thee Same numbfer 
of different genera of ores must^txisb > Each 
of irftach b datinguteh^d' byifod ntftnfc of the 
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particular metal, which forms its most essen- 


tial part; namely, ores of 




Platina 


Mercury 


Uranium 


Gold 


Antimony 


Molybdena 


Silver 


Bismuth 


Chrome 


Copper 


Nickel. 


Titanium 


Lead 


Cobalt 




Manganese 


Tin 


Arsenic. - 

» * 


Columbian 


Iron 


Tungsten 


Tantalium 


Zinc 


Tellurium 


• 
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Ail oi#s are found in the , boiyrtte of die 
earth* gQgngtititas indfcdlat the sur&ee,;aad 
m<M^ g^aef^lly l# mottntafofttfcpn in plainer 

j. Th$F> Q® ttaMHy. mat M*h in qrewtea, or 
*Jeft*s£ <n«ks> .bed ;-««& thrn'oAgl Vein* 

$wrewd^ j*ony ftubtfaoit^: which 

)s of a di^ej#,fl&Uwe from, that o£ w&tob 

whatever it may be^ist called the matrix 



which however miast tat be amk 
founded with the miijcratizifig auhptaDfig* 
with vriueb ffie metai ^cwfabkied, su<$i at 
sulphur, arsenicf :&c. fpr ihfoilatter tsitihanL 
caliyivi^mbk^iTkhtheinitaV^o,^ noi to 
bei referable batfty^otjetnio^gmam, whom 
as Jthc i^ofc rikay Jbe- separated by crarthaniJ 
cafc dibits, i T$fc veins, of ores are! always 
rtxre or lesfc inclined to. the torkgaott ted 
hoace they am' distinguished, byfltanam^of 
direct, oblique, at kefined Veins, acdording 
to the. angle thefi make^wkh the horiaciiil 
Tha* pfeiced by> «h& hand ofi haturje, thejr <are 
wad easily diwwered, than if situated ^na 
level, fir in plains, :. 

• • » * 

CHAJlACTEAigTtC PEOFEftTXES'Of iOJ&Saii 

Qre&pfmetafeinay be di#Hguisbed fifand 
other minerals, by their greater specific gm» 
vky. . Tbejr are :aiiea&t five, 4ix t .or. seven 
time* bcas^n lhan waten ^thatis neaes- 
sary/tp be done to dktanguirib mctallic/crte 
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from other mioecal subdtahcds is* to: ibid 
their specific gravity, be mother wbnis^.to 
weigh them hydrostaticattyu : Tbisjcnay be 
done 5a the foUowing .mariner ■: .-. ,\:;;[qiijt* 
v., Let a . piece erf: the mitidraltjibbddrfi^Dmiks 
matrix ,as;imich . as jpfasybtey. be! ausppgtod 
byia horse -War or jtfeeiifl vc^isife itonrithe 
scale of a fine: balance^ wei£V it iiithbdir* 
knd mark d6wn its; weight Let it next, 
stall snsnmried ifrrim .the < balance;^ !be im« 
psersed in c a i glassed water, apd ascertain 
how miich it: loses- of ife first weight in 
air, during the imniectox in ^water^tbatis to 
say ; hdw much weight is necessary to bring 
the scale to an equilibrium when the sub. 
stance is suspended in water. Having done 
this, let the:. sum of the weight in air be di- 
vided by the sum of the weight which the 
body lost during its immersion in water, the 
quotient will then show the .' specific gravity 
of the minimi, for instance: suppose apiece 
of a mineral weighs in air. 360 grains ; but 
when immersed in water* loses 60 grains, 



ANALYSIS Of ORES. 



57 



the specific gravity of that mineral will be 6. 
for 360 divided by 60, is equal to 6. that is 
to say the mineral is 6 times heavier than 
water. It therefore contains some metal, 
and consequently belongs to that class of 
minerals called ores. 

ANALYSIS OF OIIES. 

• • • 

. - ,* 

The variety of metallic. ores being very 
great, no general method of analysing them 
can be given, which can possibly prove, use- 
ful to those who are not skilled in cKemiqd 
pursuits. The Best me^hodof acqniliig ilhat 
knowledge> consists therefore in examining 
the cUfferefct genjerfc of otes v one by o&e; ki 
order unacquire a summary knowledge bf 
those generalities ; which haVfc beenl deduced 
from the analytical labours of former philo- 
sophers, and. to become familiar with certain 
general principles, and manipulations, which 
characterise, and are requisite for the .analy- 
sis of each individual; - 
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QRX OF PLATIBrA. 

« 

Hitherto no ore of piatina has been dis- 
covered* The platroa we meet with ia die 
cabinets of mineralogists* is however con- 
sidered by some as the ore of this metal. 
It is found iaterapmeri among the auriferous 
sands of certain rivers. It always contains 
move or less iron ; sometimes also a small 
quantity of mercury adheres to it arising 
from the amalgamation . wftfah, it lists under- 
gone, ia extracting die gold There are no 
difie^eiati'varietksiof pla^na known y et Pfcu 
thm of commerce: exbts ift «mall flat grains 
rf a gray ^hole eeriourw It is by for the hea- 
viest body known in nature; Jfo» dpeciic 
ignwitjf being fiom 21*061, to 2S, - ' 

-< . t • ' • - 1  I • • •  

ANALYSIS OF GOLD ORBS. 



* * 



Gold) the most precious of all metals, is 
hitherto found only in a metallic state, gene- 
rally alloyed with other metals. Its matrix 
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is most commonly quartz. It "has however 
been met tvitib in Hrae-stone, and in silicioo* 
schktus. r 

Thfc cjifiefent varieties of tgold ores are 
distinguished from each' other, according to 

found to exist in them, hence the denomina- 
tions of Goid in F&mdfcta, or Filamentous 
Gold Ore; DCTdriticalGoW; Lamented/ 
ArbOTescctA, Wire shaped <lcld, &c {fttt 
is also met. wiih in a metallic state, idler- 
mingled amongst the sands of certain mere; 
It is then cafied Gold Dust 

Native Gold. Thcte areiftvo principal vau 
rieties of this ore, distinguished from each 
other, fay the name of compact mative gold, 
and cryatiifcoed native goidone. The ana- 
lysis of each of these ores, lis ttefl as these 
mentioned before, may be effected in the 
following manner : 

Process L Take one part of the , ote i 
feed as much a^lpossiUe from its matrix, 
reduce k to a fine powder, put it into a 
Florence flask, and pour over it four parts 



L 
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of nitro-rauriatic acid. ' Heat the mixture 
over a lamp, for at least half an htair, and 
renew the acid as it evaporates. Then suf- 
fer the whole to stand undisturbed, decant 
the supernatant fluid, dilute it with double 
its quantity of water, and. filter h through 
paper. 

, ; 2. Affiise upon the insoluble residue iit 
the ftisk, tivo parte, of nitro^muriatid icid, 
irid proattd as before. Mingle the decanted 
fluid' v^hh that obtained in the. first process, 
wash' the insoluble residue of the ore, by- 
pouring a small quantity of water over it, and 
add this water to the before obtained nitro- 
itairiatic ebtatibri. 

, ' 3. Transfer the fluid obtained in the fore- 
going pibcesses into a Wedgwood's bason, 
and evaporate, it slowly, over a lamp, to dry- 
ness. ' • 

4. Pour upon the residue, obtained m the 
last process, so much boiling distHfed water 
as is sufficient tddi&soive it, and filter the so- 
kitaoik tKrough.paper placed in a funnel 
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5. Having done this, prepare a solution 
of green sulphate of iron, by dissolving one 
part of that salt in eight or ten of boiling 
water, and add so much of the solution to 
that obtained in process 4, till no farther 
change of colour ensues, then suffer the 
whqle to stand undisturbed for some days ; 
the gold which was contained in the fluid 
will now be precipitated, and found at the. 
bottom of the vessel, in the state of a brown, 
powder. 

6. Decant the fluid from this powder 
carefully, collect the latter, which is metallic 
gold, by putting it upon a filter, and when 
perfectly dry, introduce it * into a crucible, 
and fuse it into a button or mass. 

Rem ark... .If the gold exists in the ore 
alloyed with a small portion of silver, a white 
powder will be seen floating in the nitro-mu- 
riatic solution : J 00 parts of this powder 
when separated by the filter, and perfectly 
dried, contain 75 parts of silver, which may 
be obtained from it, as shall be noticed more 
fully under the article of silver ores. 

F 
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If the ore contained copper, a polished 
cylinder of iron, after having been immersed 
in the nitro-muriatic solution, will be cover- 
ed with a crust of copper, the increase of 
weight of the cylinder of iron gives us the 
quantity of copper. In this case the solution 
should have no excess of acid. 

Gold Dust. When gold is found inter- 
spersed amongst sand, or earthy substan- 
ces, in the state of so minute particles, that 
it cannot be distinguished by the mere eye, 
we may for that purpose examine such sub- 
stances, in the following manner : 

Process 1. Diffuse the sand or earth 
through a large quantity of water in a conve- 
nient vessel, and frequently decant that fluid 
immediately after stirring it each time ; by 
that meaas, the lighter particles of sand, or 
earth, as well as other substances, remaining 
longer suspended, may thus be washed 
away by the water employed, whilst the 
more ponderable particles of gold, fall to the 
bottom with greater rapidity. 



ANALYSIS Of SILVER ORES. 



63 



2. But as it would be difficult to separate 
the gold thus completely, by mere mechani- 
cal ablution with water, let the last portion 
of sand which has been repeatedly washed, 
be reduced to a very subtile powder, put it 
into a flask, cover it with nitro-muriatic acid, 
and digest it by heat for at least one hour, 
dilute the fluid with water, and separate the 
gold, by adding to it a solution of sulphate 
of iron, as directed page 61, process 5. 

The presence of gold may be detected in 
an ore by effecting a solution of it in. nitro- 
muriatic acid, and then letting fall into this 
solution a few drops of muriate of tin. If the 
minutest quantity of gold be present, a pur- 
ple precipitate will instantly appear. 

ANALYSIS OF SILVER 0&ES. 



The varieties of silver oresarc more nume- 
rous than those of gold, mineralogists have 
divided them into different species^ accord- 
ing to their mineralising substance, which 
with the metal forms the ore; niamely, Na- 
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tive Silvek or silver in its metallic state ; 
nearly in a state of purity, Oxyds of Silver, 
or silver combined with oxygen. 

Sulphurated Stiver Ores, or silver united 
to sulphur, and Salts of Silver, or silver mi- 
neralised hy certain acids. As each of these 
different species of ores require different 
treatment, we shall consider them one bv 
one in order to give an example of each of 
them. 

Native Silver, or silver in a metallic state. 

Process 1. Take one part of the ore 
reduced to a fine powder, affuse upon it in 
a Florence flask three or four parts of nitric 
acid, and apply a gentle heat : repeat this 
operation till a new addition of nitric acid 
does not produce any further action upon the 
residue, from which the acid has been de- 
canted ; having done this mix the different 
• nitric solutions, pour over the insoluble resi- 
due a small quantity of water at a time, till 
this fluid runs off tasteless, then mix the 
water used for washing, with the first ob- 
tained nitric solutions. 
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2. Add to the fluid obtained in the first 
process, common salt, dissolved in water, in 
small quantities at a time, till no farther pre- 
cipitate ensues ; collect this precipitate, pour 
water over it so as to wash it thoroughly, 
then suffer it to dry. When perfectly dry, 
100 parts contain 75 of silver which may be 
obtained from it in the following manner : 

3* Mix one part of the dry precipitate 
(muriate of silver) with three of carbonate of 
soda, freed from its water of crystallization, 
introduce this mixture into a crucible in the 
bottom of which a portion of the same salt 
has been put and pressed down ; expose it 
in a fire to a red heat for half an hour, or till 
it fuses quietly. Then suffer the crucible to 
cool, and upon breaking it, a button of sil- 
ver will be found at the bottom. 

Plumbiferous Native Silver. In this ore 
the silver exists alloyed with lead, and some- 
times also with iron. The analysis of it may 
be accomplished in the following manner : 

Process 1. Proceed as in the former 
process 1, and immerse into the solution of 

f 2 
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the ore in nitric acid, a polished cylinder 
of copper, suffer the cylinder to continue ill 
the solution for at least 24 hours. The sil- 
ver will now be precipitated in a metallic 
state. It may be fused into a button without 
any addition, and its weight ascertained. It 
is essential however in this case that the 
solution of the ore should have no excess of 
acid. 

2. To the fluid from which the silver has 
thus been obtained, add a solution of sul- 
phate of soda in water. If a white precipi- 
tate ensue, it is a proof that lead was pre* 
sent in the ore. Its quantity may be deter- 
mined by the weight of this precipitate ; 100 
parts of it when perfectly dry, indicate 30 erf 
metallic lead. 

3* The presence of iron may be investi- 
gated by dropping into the solution, prussi- 
ate of potash, which in that case occasions a 
blue precipitate. 

Auriferous Native Silver. In this ore 
silver exists alloyed with gold. The analy- 
sis may be conducted thus : 



AM ALTOS OF SILVER OtUSS. 



67 



Process 1. Let one part of the ore re- 
duced to a fine powder be repeatedly di- 

4 

gested in 3 of nitric acid, until the portion of 
the acid last decanted from the ore, doesnot 
yield any white precipitate, by dropping into 
it muriatic acid. 1 < 

2. Digest the insoluble residue in nitro- 
muriatic acid, till a new addition of that 
fluid extracts no more gold, which may be 
known by not becoming turbid or letting 
fall a coloured precipitate, by adding to it a 
few drops of muriate of tin. 

3. To recover the gold contained in the 
last nitro-muriatic solution, proceed as men- 
tioned before, page 60 and 61, processes 

4. The silver that was contained in the 
ore, and which is extracted in the first pro- 
cess by means of nitric acid, may be sepa- 
rated by precipitating it with muriatic acid, 
and subsequent reduction. See page 65. 

Remark If the ore contains copper, 

as is the case in the pre called Cupriferous 
native Silver Ore, the presence of this metal 
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may be detected by dropping into the nitric 
solution, diluted liquid ammonia, the fluid 
will instantly acquire a blue hue. 

Mercuriferous Native Silver, or native 
amalgam of silver, may easily be analysed, 
by inserting into a barometer tube closed at 
one end, a small quantity of the ore, placing 
the closed end which contains the ore, in a 
crucible filled with sand, and increasing 
the heat slowly, till the bottom of the tube 
is of a dull red heat. The quicksilver by 
these means will be volatilized or sublimed, 
in the upper part of the tube, and the silver 
will be left behind in a pure state. Instead 
of the barometer tube a small retort may be 
used, even with more advantage if the quan- 
tity of the ore exceeds at least one-fourth of 
an ounce. 

Sulphurated Silver Ore y or vitreous sil- 
ver ore. 

Process 1. Let one part of the ore be 
digested in eight times its weight of nitric 
»acid, of about 13.50, specific gravity, diluted 
with half its quantity of water, and repeat 
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this operation till a new portion of acid (after 
being suffered to act upon the ore for some 
time) does not become cloudy by the addi- 
tion of a few drops of muriatic acid ; then 
wash the residue, and add the water thus 
employed, to the nitric solution of the ore. 

2. In order to separate the silver from 
this solution, proceed as directed in the ana- 
lysis of native silver ore, page 64 and 65. 

3. To ascertain the quantity of sulphur, 
which existed in the ore, take the insoluble 
residue of the first process dried thoroughly, 
put it into a crucible, and expose it to a red 
heat ; the sulphur will take fire, and burn 
off. The loss of weight indicates the greater 
part of the sulphur. But in order to be 
more correct, pour water upon the residue 
left in the crucible, filter the fluid and drop 
into it a solution of nitrate of barytes, a 
white precipitate will fall down, collect it on 
a filter and dry it perfectly, 100 parts of this 
precipitate indicate 14.5 of sulphur, which 
added to the loss of the weight the residue 
of the first process suffered, gives us the 
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real quantity of the sulphur contained in the 
ore. 

Remark... .The fluid obtained in process 
2, by decomposing the nitric solution of sil- 
ver, by means of muriatic acid, should 
also be assayed for sulphuric acid, which 
perhaps may have been formed during the 
repeated action of the nitric acid upon the 
sulphur contained in the ore. If therefore 
a precipitate takes place on dropping into 
the above fluid nitrate of barytes, sulphuric 
3cid has been produced ; the precipitate 
must therefore be collected and weighed, 
and the quantity of sulphur calculated (as 
stated in the preceding page) and this quan- 
tity added to that already noticed*. 

Ruby Silver Ore may be analysed in a 
similar manner ; for this ore differs from the 
latter merely by the presence of arsenic. 
Tins last substance may be discovered by 
adding to the nitric solution of the ore, from 
which the silver has been separated by muri- 
atic acid, a solution of nitrate of lead, a pre- 
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cipitate ensues, 100 parts of which when 
perfectly dry, indicate about 22 of arsenic. 

Pyritical Siher Ore, or argentiferous 
martial pyrites. This ore which contains 
besides silver, also iron and sulphur, is best 
analysed in the following manner : 

Process 1. Let one part of the ore be re- 
peatedly digested in nitric acid, until all the 
silver is extracted, which may be known, by 
attending to the rules laid down, page 67, 
line 1, &c. 

2. To obtain the silver from the solution, 
immerse in it a cylinder of copper, and pro- 
ceed as mentioned, page 66. 4 

3. To ascertain the quantity of iron and 
sulphur, let another portion of the ore be re- 
peatedly digested in muriatic acid, till a few 
drops of prussiate of potash added to the last 
decanted solution, does not occasion a blue 
precipitate ; the sulphur will be found float- 
ing upon the surface .of the fluid, and may 
be separated by filtration. 

4. To determine the quantity of iron, min- 
gle the muriatic solution, with Hquid ammo- 
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nia, till no farther precipitate ensues, dry it, 
and expose it to a dull red heat for at least 
half an hour. 

Gray Silver Ore. This ore is composed 
of silver, antimony, iron, sulphur, and some- 
times copper and lead. Its analysis may be 
accomplished in the following manner : 

Process 1. Let one part of finely pul- 
verized ore be repeatedly digested in 3 parts 
of diluted nitric acid, till the acid takes up 
no more of the ore. 

2. Decompose the solution by the addi- 
tion of common salt, or muriatic acid. (See 
process 2, page 65.) Collect the precipitate, 
and reduce it to its metallic state, as stated 
before. 

3. Let the solution from which the silver 
has been thus separated, be assayed for lead: 
for that purpose drop into it a solution of 
sulphate of soda, if a white precipitate en- 
sues, lead was present in the ore. Its quan- 
tity may be ascertained by drying the preci- 
pitate and calculating the quantity of lead, as 
noticed already, page 66, process 2. 
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4. After this add liquid ammonia to the 
solution till the odour of the former conside- 
rably predominates, a brownish precipitate 
will now be separated which is the iron that 
was contained in the ore ; but in order to be 
certain that the precipitate consists of nothing 
but iron, proceed as follows : 

5. Let the precipitate obtained in the last 
process, be again dissolved in nitric acid ; if 
it is not totally soluble in this fluid, the re- 
sidue will be found to be silex. 

6. To the last obtained solution add prus- 
siate of potash till no farther precipitate en- 
sues, and separate this blue precipitate by 
filtration. 

7. To the filtered fluid, from which the 
blue precipitate (the precipitate of iron) has 
been separated by filtration, add now a so- 
lution of soda ; if a precipitate falls down, it 
is alumine. Therefore after subtracting this 
earth, and the silex obtained in process 5, 
from the weight of the brown precipitate 
obtained in process 4, the quantity of iron 
may be lOund. 
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8. To the solution which had before been 
mingled with ammonia in excess (process 
4) add sulphuric acid, till it acquires a con- 
siderable acid taste, and immerse in it, a cy- 
linder of iron ; if the ore contained copper, 
this metal will be precipitated in a metallic 
state upon the surface of the iron cylinder. 

9. Having thus far proceeded, take the 
insoluble part of the ore left in process 1, di- 
gest it repeatedly in two or three parts of 
muriatic acid in a heat of ebullition, decant 
the fluid, and wash the residue in a little 
.water, which add to the muriatic solution. 

10. To this muriatic solution add a large 
quantity of water ; the precipitate which now 
falls down is oxyd of antimony ; 97 parts of 
which when dry, are equal to 75 of metallic 
antimony. 

11. The insoluble part left behind in pro- 
cess 1, which contains the sulphureous part 
of the ore, must be exposed in a crucible to 
a low red heat, and the quantity of sulphur 
determined, as shown, page 69. 
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12. The residuum left behind will then 
consist of silex only ; it may therefore be 
fused with potash, and the earth precipitated 
by the addition of an acid, but this is no con- 
stituent part of the ore. 

JLight Gray and Dark Gray Stiver Ores 
may be analysed in a like manner. 

Bismuthic Silver Ore. In this ore silver 
exists alloyed with bismuth and sulphur ; it 
sometimes also contains a small quantity of 
lead, iron, and copper. 

Process 1. Digest the ore repeatedly in 
nitric acid till this fluid exercises no farther 
action upon the ore. 

2. Pour the nitric solution into a large 
quantity of water, a precipitate falls down, 
which is oxyd of bismuth ; 123 parts of it 
when dry, are equivalent to 100 of bismuth. 

3. Evaporate the fluid to at least one- 
third of the original bulk, and then drop into 
it muriatic aeid, collect the precipitate which 
falls down, wash, and dry it. 

4. The precipitate now left is muriate of 
silver. Let it be digested in nitrfc acid, de- 
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cant the fluid and mingle it with a large 
quantity of water, if any precipitate should 
ensue, it is a portion of oxyd of bismuth 
which escaped the action of the water in pro- 
cess 2, let it be dried and added to that ob- 
tained before. 

5. The .remaining fluid may then be a*, 
sayed for lead; let it therefore be concen- 
trated to dryness, dissolve the residue in a 
sufficient quantity of water, and drop into it 
sulphuric acid, a precipitate will appear, if 
lead be present ; let it be collected and dryed, 
and the quantity of lead determined as stated, 
page 66, process 2. 

6. The solution from which the lead is 
separated may then be examined for iron; 
for that purpose add to it liquid ammonia, till 
the odour of the latter considerably predomi- 
nates ; a brown precipitate will fall down if 
iron was contained in the ore. This preci- 
pitate must be heated to redness and weigh- 
ed. 

7. If the pre contained copper, the fluid 
has now a t>lue colour, it may be saturated 
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with stflpuric acid in excess. A cylinder of 
iron will precipitate the copper. See page 
74, process 8. 

8. The insoluble residue left in process 
1, may be examined for sulphur; for that 
purpose let it be ignited in a crucible, and 
proceed according to the rules mentioned, 
page 68 and 69 

9. The residue may again be digested 
repeatedly in muriatic acid, and assayed for 
lead> by sulphuric acid. If a precipitate en- 
sues it is sulphate of lead, which is to be ad- 
ded to that obtained before. The residue 
left, if any, is merely the matrix of the ore. 

Antimoniated Silver Ore. This ore con- 
sists of silver, alloyed with antinjpny. 

Process L Digest one part of the ore 
repeatedly in three of nitric acid, till a fresh 
portion of acid produces no further change 
on the residue. 

2. Separate the silver from this solution 
by copper. See page 66, process 1. , 

3. Digest the residue of process 1, re- 

c 2 
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peatedly in muriatic acid, till this acid ex- 
tracts no more. 

4. Pour the muriatic solution into a large 
quantity of water, collect the precipitate, 
which fells down and which is oxyd of anti- 
mony. Its quantity may be calculated, as 
stated, page 74. 

Calciform Silver Ore, or lied Silver Ore. 
In this ore silver exists in the state of an 
oxyd, combined with sulphur and 4 oxyd of 
antimony, and sometimes sulphuric acid. 
Its analysis may be accomplished thus : 

Process 1. Let one part of the ore be 
repeatedly digested in six of diluted nitric 
acid, and filter the solution. 

2. Decompose this solution by adding to 
it muriatic acid, till no farther precipitate 
ensues : 100 parts of this precipitate, when 
perfectly dry, contain 75 parts of silver, and 
may be reduced to its metallic state as stat- 
ed before, page 65, process 3. 

3. Digest the insoluble residue in a simi- 
lar manner in diluted nitro-muriatic acid, 
consisting of five parts of muriatic, and one 



of nitric acid, Dqrjng thife process, 4 powi 
der separates and collects. on the surface of 
the fluid, which is sulphur ; let if be collect- 
ed, dried, and its weight ascertained. . 

4. Dilute this -fluid copiously with water, 
and a white precipitate will fall down, 
which, is the.oxyd of antimony contained 
in the ore ; let it therefore be dried and its 
weight noted. The quantity of metallic 
antimony it contains may be learnt, , as 
stated before page 74, process 10,,. , • ; 

5. Let the fluid from which the anjtimony 
has been obtained, be mingled with that of 
process 2, from which, the silver has been 
separated by muriatic acid, and drop into it 
a solution of nitrate of bary tes* a precipitate 
ensues, if the ore contains sulphuric acid :, 
10O parts of this precipitate wheal dry, are 
equal to 14.5 of sulphur. - 

Corneous Stiver Ore, or Native Luna 
Cornea (Horn Silver.) This ore is remarka- 
ble among the rarer ores of silver, not only 
on account of its richness, but likewise on 
account of the substance, by which nature 
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has mineralised' the stiver ih this ore ; name- 
ly, muriatic acid, and sometimes also sul- 
phuric acid. 

Process 1. Take one part of the ore, 
mix it with four or five of carbonate of soda, 
put the mixture into a silver crucible, fuse 
it into an uniform mass, and suffer it to 
cool. 

2. Pour water into the crucible, and dis- 
solve so much of the mass as is soluble, 
taking care to renew the water from time to 
time, till a hew affusion of that fluid dis- 

 * • 

solves no more. Put this mixture aside for 
further investigation. 

3. Digest the insoluble residue left in the 
last process, repeatedly, in nitric acid, till 
this fluid dissolves no more. 

4. Decompose this nitric solution which 
contains the silver that was present in the 
ore, by adding to it gradually, muriatic 
acid in small quantities. The silver will 
thus be precipitated in the form of a white 
powder. Every hundred parts of the preci- 
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pitate, when perfectly dry, indicate 75 of 
metallic silver. 

5. Having thus ascertained the quantity of 
silver that was present in the ore, the in- 
soluble residue which was not acted upon 
by nitric acid, may he digested in nitro- 
muriatic acid, in order to take up the ironj 
if any be present in, the ore. To separate 
this metal add liquid ammonia, collect the 
precipitate, dry, ignite, and weigh it. 

6. Mingle the solution of process 2, with 
acetous acid, adding the latter in stoat! 
quantities at a time, until no farther effer- 
vescence ensues. The mixture will rioW foe 
rendered turbid, and a precipitate wi» grad- 
ually be deposited, which is the alumifte 
that was contained in the ore : its weight 
may be ascertained after having been dried 
and ignited. 

7. The fluid from which the alumihe lias 

* - • 

been separated miist then be evaporated- tb 
dryness, and alcohol affiised upon it in a 

phial, so as to- cover it at least one inch high, 

 

agitate the' whole frequently during the 
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space of three or four days, and then de- 
cant the alcohol. Transfer the salt left un- 
touched by this fluid, on a filter, and dry it. 
It is muriate of soda, originating from the 
muriatic acid contained in the ore, and the 
alkali made use of in process 1. 116 parts 
of it are equal to 48 of muriatic acid. 

8. In order to learn whether any sulphu- 
ric acid was present in the ore, let this, salt 
be dissolved in water, and drop into the 
solution muriate of barytes, if any sulphu- 
ric acid Was present, a precipitate will en- 
sue ; this being collected and dried, gives 
the quantity of that acid contained in the 
ore, 100 parts of this precipitate contain 23.5 
sulphuric acid, artd 76.5 barytes. 

ANALYSIS OF COPPER ORES. 

Copper ores are divided into four classes : 
namely, ores containing copper in a metallic 
state, alloyed with other metals, but com- 
monly called Native Copper. Ores con- 
taining copper mineralised by sulphur, or 
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Sulphurets of Copper. Copper combined 
with oxygen (oxyds of copper) or Calci- 
form Copper Ores, and salts of copper, or 
copper combined with acids* 

Native (popper. This ore frequently 
contains besides copper, a portion of gold, 
silver and iron. It may be analysed thus : 

Process 1. Let one part of finely pul- 
verised ore be boiled in four or .five times it$ 
weight of concentrated sulphuric acid to 
dryness. 

2. Upon the dry mass affuse about 8 
times its quantity of water, boil the mixture 
for a quarter of an hour, and filter off the 
fluid. 

3. Immerse into this solution a polished 
cylinder of iron, the copper will be precipi- 
tated in a metallic state. 

Remark. ...If the ore contains gold, sil- 
ver, and iron, it must be repeatedly di- 
gested in diluted nitric acid, the silver may 
be precipitated from this solution by a cy- 
linder of copper, see page 66. The iron 
may be separated by evaporating the soTu- 



84 



AKA&Y8B OF OOPPJ9B. -OIlBS. 



tion to dryness, dissolving it again in con- 
centrated nitric acid, evaporating the acid 
as before, and repeating this operation for 
several times successively. This being done, 
let water be poured on the mass, and filter 
the solution. The iron will now remain 
Upon the filter in the form of a brown pow- 
der, and the copper becomes dissolved m the 
watery fluid. This fluid may be decom- 
posed by boiling it with potash, a precipitate 
is produced which is black oxyd of copper, 
100 parts of it after being dried in a red heat, 
contain 80 of copper. The ore called granu- 
lar, oi; cement Copper, may be aimalysed in 
a similar manner. 

Vitreous Copper Ore, or Yellow Copper 
Ore. (Copper Pyrites.) This ore which 
is a sulphuret of copper, contains in general 
besides copper also iron. 

Process 1. Digest one part of the pulve- 
rised ore, repeatedly* in three times its weight 
of diluted nitric acid, till it extracts no more 
copper, which may be known by dropping 
into the last obtained solution, liquid ammo- 



ANALYSIS OF COPPER QUO. 



85 



nia. If the liquid acquires no blue colour, 
it has extracted no copper. 

2. Evaporate this solution to dryness, re- 
dissolve it in concentrated nitric acid, and 
again evaporate the solution to dryness : re* 
peat this process for several times. 

3. Boil the dry mass in eight times its 
weight of water, a brown powder will be- 
come separated, which is the iron that was 
contained in the ore, collect it on a filter, 
wash, dry, and ignite it, 

4. Mingle the fluid from which the iron 
has been separated, with a solution of carbo- 
nate of potash, till no farther precipitate en- 
sues, collect the ^precipitate and dry it in a 
red heat, 100 parts then contain 80 of cop- 
per. 

5. To ascertain the quantity of sulphur 
contained in the ore, heat the residue of pro- 
cess 1, and proceed as directed before; but 
as part of the sulphur is generally acidified 
during the digestion of the nitric acid upon 
the ore, the solution after the metal is sepa- 
rated may be assayed for sulphuric acid, by 

H 
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nitrate of barytes, and the real quantity of 
sulphur ascertained, according to the rule 
laid down, page 69. 

The ore called purple copper ores, purple 
copper pyrites, variegated copper ore, or 
peacock's tail copper ore, may be analysed 
in a similar manner. 

Gray Copper Ore, which, besides copper, 
sulphur, and iron, contains also silver, lead, 
and antimony, may be analysed in a like 
manner; the silver may be separated by 
common salt (see page 65) but as lead is 
also separated by this salt, the precipitate 
must be digested in liquid ammonia, this 
will dissolve the muriate of silver, and leave 
the lead, by subtracting the weight which 
the precipitate has lost by this treatment, the 
quantity of both the metals may be found. 
If antimony was present, it will be separated 
from the remaining solution by a copious af- 
fusion of water, the precipitate remaining 
insoluble by a still greater admixture of tliat 
fluid. 



ANALYSIS OF COPPER ORES. "  

Oxyds of Coppery or Calciform Copper 
Ores* (Red copper glass) or red copper 
ore. This ore may be analysed by merely 
dissolving it in muriatic acid, and precipi- 
tating the copper by a cylinder of iron. The 
ores called Fibrous Red Copper, and Tile, 
or Brick Red Copper Ore, Copper Malm, all 
belong to this class, and may be examined in 
a like manner. 

Green Carbonate of Copper, or Mala* 
chite. The different varieties of ores, known 
by the names of Fibrous, Radiated, or Com- 
pact Malachite, as well as those distinguish- 
ed by the appellation of Mountain Green 
and Mountain Blue, may be analysed in the 
following manner : 

Process 1. In order to ascertain the 
quantity of carbonic acid, which in the ore 
exists united to the oxyd of copper, let a 
portion of the ore be heated in a retort to a 
dull redness, collect the gass in the usual 
manner over mercurv, and then let it be ab- 
sorbed by lime water in order to measure its 
quantity ; or if this should be deemed too 
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troublesome, let one part of the ore be intra- 
duced into a bottle, containing 3 parts of 
sulphuric acid, diluted with 4 of water ; close 
the bottle with a cork, into which is fixed a 
capillary tube, and weigh the whole accu- 
rately. When no more effervescence en- 
sues, weigh the bottle and its contents; and 
the loss of weight will indicate the quantity 
of carbonic acid which escaped, with tolera- 
ble accuracy. 

2. To ascertain the quantity of copper, 
digest one part of the ore repeatedly in sul- 
phuric acid, diluted with an equal bulk of 
water, till this acid extracts no more copper, 
(see page 84, process, 1.) then fitter the so- 
lution. 

3. Immerse into the sulphuric solution a 
cylinder of zinc or iron, and the copper will 
be precipitated. 

The analysis of carbonates of copper may 
likewise be effected and perhaps more easily 
in the following manner : 

Process 1. Take one part of the ore, 
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expose it to a red heat in a crucible for about 
half an hour. 

2. Let one part of this previously ignited 
ore be mixt with three times its quantity of 
black flux, and one-fifth of charcoal powder, 
or resin, put the mixture into a crucible, 
cover it with a stratum of muriate of soda, 
and fuse it for about half an hour, a button 
of copper will then be found when the cru- 
cible is broken. 

Dr. Fordyce has given the following 
general process for analysing all copper 
ores. 

Process 1. Take 100 grains of the pul- 
verised ore, digest it repeatedly in one ounce 
of nitro-muriatic acid, composed of equal 
parts of nitrous, and muriatic acid, till all the 
copper is extricated, which may be known 
as directed already, page 84, process 1. 

2. The different solutions are then to be 
mingled, precipitated by the addition of car- 
bonate of potash, and the precipitate col- 
lected on a filter. 

h 2 * 
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3. This precipitate is to be re*dissolved 
in a sufficient quantity of sulphuric acid, and 
the solution precipitated by a polished cylin- 
der of iron. 

ANALYSIS OF LEAD ORES. 

There are a vast variety of lead ones, 
which are classed by mineralogists into sul- 
phurets, oxyds of lead, and lead combined 
with different acids. 

Sulphuret of lead, or galena, vulgarly 
called Potters-ore. Ores of lead belonging 
to this class frequently contain a small quan- 
tity of silver, and sometimes also copper, 
and iron. We shall suppose all these me- 
tals to be contained in the ore, the analysis 
in that case ought to be conducted thus : 

Process 1. Let one part of the ore fine- 
ly powdened, be vfery gently digested for 
at least three or four hours, in six of nitric 
acid diluted with about three or four of wa- 
ter, and repeat this process for several times 
successively. During this process a great 
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part of the sulphur contained in the ore will 
become separated in the form of a yellow 
powder floating on the top of the fluid* 

2. Add to the obtained solution, previa 
ously evaporated to a small compass, mu- 
riatic acid, till no further cloudiness appears; 
suffer the mixture to stand undisturbed, till 
the precipitate is fairly deposited, then de- 
cant or filter the fluid, separate the precipt* 
tate and wash it repeatedly,, by pouring 
alcohol over it. 

d« The obtained precipitate consists of 
lead and silver, if the* latter was contained 
in the ore. 

4* In older to separate these two metals, 
digest the precipitate in liquid ammonia, for 
at least 24 hours, the stiver will be dissolv* 
ed and the lead left behind ; or the muriate 
of lead may be separated by boiling the pre* 
cipkate in a large quantity of waiter, which 
will dissolve the former, but le&ve the latjber ; 
but the first process is better, 

5» Evaporale the ammoniaCal solution of 
stiver, to dryness, and boil the residue in * 
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solution of carbonate of soda ; the product 
obtained is carbonate of silver, which may 
be reduced to the metallic state, by merely 
exposing it in a crucible to a red heat; or 
by re-dissolving it in nitric acid, and preci- 
pitating it by copper, see page 66, process 1. 

6. To ascertain the quantity of lend left 
behind in process 4, mix the muriate of lead 
with half its weight of black flux, introduce 
the mixture into a crucible, and expose it 
to a red heat, the lead will then be reduc* 
ed to a metallic state, or this process may 
be omitted, and the quantity ascertained by 
merely weighing the dry precipitate, 100 
parts of which contain 30 of metallic lead, 

7. To find the quantity of sulphur, pro- 
ceed as directed, page 69. 

In order to assay the ore for iron, and 
copper, let the solutions, from which the 
lead and silver have been separated, be min- 
gled with liquid ammonia, so that the latter 
is in excess, a brown precipitate will fall 
down which is an oxyd of iron, see page 
76. The presence of copper may be known 
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by the solution acquiring a blue colour, by 
the addition of ammonia, and may be sepa- 
rated by immersing into the fluid, after hav- 
ing been neutralized by sulphuric acid, a 
cylinder of zinc. All the different varieties 
of lead ores of this class may be analysed in 
a like manner. 

Phosphate of Lead In this ore lead exists 
mineralised by phosphoric acid, in general 
contaminated with a portion of iron. It 
is found on the lead hills in Scotland, Ger* 
many, Carinthea, &c. Its colour is com* 
monly green, yellowish green, ojf olivG 
green. It is found stalactical and also .of a 
regular shape. It is shining, semi-transp** 
rent, and gives a greenish trace. Its pptv* 
der is yellowish. Before the blow-pipe it 
melts easily on charcoal, and assumes a 
crystalline form on coding, by the addition 
of an alkali, the lead becomes in some mea- 
sure reduced. 

Process 1. Endeavour to effect a solu- 
tion of this ore in boiling nitric acid, in the 
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manner frequently, stated before, and again 
evaporate to dryness. 

2. Dilute the mass with water till the 
crystals of nitrate of lead are dissolved, 

3. Saturate the solution with liquid am- 
monia, a precipitate ensues, which consists 
of lead and iron, if the latter existed in the 
ore. Collect the precipitate on a filter. 

4. To separate these^ two metals boil the 
precipitate in muriatic acid to dryness, and 
pour alcohol on the dry mass, the muriate 
of iron will be dissolved and the lead left 
behind. 

: 5. Add concentrated sulphuric acid and 
apply heat, the muriatic acid will be expell- 
ed ; weigh the precipitate, and, deducting 
70 per cent, the remainder shows the quan- 
tity of lead. 

6. Add lime-water to the solution from 
which the lead and iron have been separate 
ed (process 3.) the precipitate which ap- 
pears, indicates the quantity of phosphate 
of lime. 
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Tin ores are less numerous than either of 
the former, ores of gold excepted. Tin is 
found in two different states, namely ; mine- 
ralised by oxygen, or oxyds of tin ; and 

* 

mineralised by sulphur^ or sulphurets of 
tin. 

Native Oxyd of Tin, or Tin Stone. 

Process 1. Take one part of the ore, 
freed carefully from all its matrix, reduce 
it to an impalpable powder, triturate it with 
^a like quantity of potash, and boil the mass 
in a silver vessel in eight parts of water, 
evaporate the whole to dryness, and moder- 
ately ignite it for at least half an hour. 

2. Pour water upon the mass, boil the 
mixture for about a quarter of an hour, and 
filter the fluid. 

3. Take the residue left on the filter, if 
any, mix it again with about six times its 
quantity of potash dissolved in a sufficient 
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quantity of water, evaporate to dryness, and 
proceed as above* ^ 

4. Let the solutlKs thus obtained be 
mingled, and add to it muriatic acid, till no 
more precipitate falls down, adding the acid 
rather ki excess ; suffer the mixture to stand 
undisturbed till the precipitate is subsided, 
in order to collect it on a filter. 

5. Dissolve this precipitate in muriatic 
acid m excess, precipitate it again by the 
addition of carbonate of soda, collect the pre- 
cipitate on a filter, wash it by pouring water 
over it repeatedly, and suffer it to dry. 

6. Let the precipitate be again dissolved 
in muriatic acid, assisted by a gentle heat, 
(the insoluble part consists of silex) dilute 
the solution with two or three parts of wa- 
ter, immerse into it a cylinder of zinc : leave 
the whole undisturbed for some days, and 
all the tin that was contained in the ore will 
now.be deposited round the cylinder of zinc 
in a metallic state. It may be formed into 
a button, by melting it in a crucible, taking 
care to cover it with charcoal powder. 
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The ores called Wood Tin, Needle Tin, 
Stream Tin, Hair Tjtt, and Compact Tin, 
may be analysed in ^similar manner! 

Tin Pyrites, or Sulphuret of Tim In 
this ore tin exists mineralised by sulphur, 
and frequently associated with copper , its 
analysis may be accomplished in the fol- 
lowing manner : 

Process I. Let one part of finely pul- 
verised ore be repeatedly digested in she 
of nitro-muriatic acid> composed of two 
parts of muriatic acid, and one of nitric acid, 
till it dissolves no more, and decant the 

fluid. 

2. Add to this solution carbonate of pot- 
ash, till no further precipitate ensues, collect 
the precipitate on a filter. 

3. Re-dissolve this precipitate in muriatic 
acid, diluted with three or four parts of wa- 
ter, and suspend in this solution a cylinder 
of tin, whose weight is known. If copper 

* was contained in the ore it will be precipi- 
tated in a metallic state on the tin cylinder, 
but in order to be certain that it is not con- 
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taminated with tin, let the precipitated me- 
tal be re-dissolved lyg^eat, in concentrat- 
ed nitric acid ; if a iraue {rowdier remains 
k is a portton of oxyd of tin. 

4. ftut as In the foregoing process > th6 
tin employed for precipitating the copper is 
acted upon by the muriatic acid; immerse 
into the solution from which the copper lias 
beeft separated, a cylindefr of zihG, the wKole 
of the tin will be again precipitated on the 
cytihde* of zinc ; let it be dried and Bts 
weight ascertained, and melt it into a mass* 
From this quantity of tin, subtract iSowthat 
portion which proceeds from the cyliMef 
of tin employed for precipitating the copper, 
th£ remainder wilf giVe thte trufe quantity 
of metal contained iii the ote. 

5. Having thus far proceeded, expose the 
insoluble residue teft ih process 1, to a 'tow 
red heat in a crucible, pour water into it, 
filter the fluid and aiscertain the quantity of 
siilphur, as stated in the next page ; what 
remains will be the matrix of the ore. It 
consists in general of alumine and sile*. ! 
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ANALYSIS OF IRON ORES. 
* 

There are a vast variety of iron ores scat- 
tered over the surface of the earth, but they 
may nevertheless be divided into three gene- 
y$l. classes, i>amely; sulphurets, oxyds, and 

salts of jkofc 

Suiphurets qflron. M^rtiaJ pyrites, com- 

isaon sulphur pyrites, or mundick. 

Process I. Digest one part pf the finely 

ipwwfergd ore in three or four of concentrat- 
ed niftic ^cid, §ker tfre ^if&Hb ev«jpon$e 
it tQ dryness, and repeat this qpenafiqn at 
Jgasjt d^ee pr fo^r sjucces^iye times. 

2. Pqur lour or fiv.e parts of muriatic sjucid 
upon the mass, and digest it till the whole 
is dissolved, taking care to supply the acid, 
from tiflpie ^o Jime as i£ evaporates. 
. <3. ^o.t^s^utionaddraurkteofbary^es 
jtijl #0 fiir&er precipitate eps^es, filter the 
fluid, . dry the precipitate completely, and 
•Weigh }x accurately f 100 parts of it indicate 
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4. The quantity of sulphur being thus 
found, we proceed to find that of iron ; for 
that purpose let the somtion obtained in pro* 
cess 3, be mingled with a solution of soda, 
or potash, till no farther precipitate ensues ; 
collect this precipitate, and expose it to a 
red heat in a crucible for half an hour : 100 
parts of it then indicate 72 of iron, provided 
nothing else was contained in the solution ; 
but as manganese and zinc have been found 
in this ore, it would be prudent to digest the 
precipitate in liquid ammonia, which will 
take up the zinc; the remainder may then 
be freed from manganese, by digestion in 
acetous acid, the oxyd of iron will then be 
left behind ; or the precipitate may be boiled 
in potash, which takes up the manganese, 
and leaves the iron behind. 

The ores called Striated, Capillary, Ma- 
millary, Magnetical, Hepatic, or Liver Py- 
rites, &c. may be analysed in a similar 
manner. 

Oxyds of Iron, or Calciform Iron Ores. 
The ores of iron belonging to this class, are 
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uncommonly numerous, they however may 
be divided into two classes. Those namely 
in which the iron exists in the sfete of a 
black oxyd, and these which contain it in a 
state of a red oxyd. To the first class be- 

* * 

longs the ore called, 

Common Magnetic Iron Stone. 
Process 1. Digest one part of the ore 
repeatedly in six of muriatic acid, till all the 
iron is extracted, which may be known . 
when tincture of galls dropt into the fluid, 
which has been digested upon the ore, does 
not occasion a black precipitate. 

2. Decompose this solution by adding to 
it carbonate of potash, till no farther precipU 
tate ensues. 

3. Let the precipitate be rapidly dissolved 
in nitrous acid, evaporate the solution to 
dryness, cover the residue with nitrous acid, 
evaporate it again, and repeat this process 
for several times successively. 

4. Transfer the residue into diluted nitric 
y acid, and digest it for one hour, dilute it 

with water, and filter off the fluid. The 

i 2 
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iron will be left on the filter, in the state of a 
red oxyd ; from the weight of this, after ig- 
nition for about one hpur, 28 are to be de- 
ducted, the remainder gives the/quantity of 
iron. 

5. As this ore seldom contains iron alone, 
but frequently also, copper, zinc, manganese, 
or alumine, let the solution from which the 
iron has been separated, be assayed for cop- 
per, by immersing into it a cylinder of iron ; 
if copper be present it will be precipitated, 
the zinc may be separated by ammonia, and 
the manganese by acetous acid. 

Micaceous iron ore, and Magnetic sand 
may be analysed in a similar manner. 

REMARK....Should the ores of iron be 
found not readily soluble in muriatic acid, 
they should be mixed with one eighth of 
charcoal powder, and exposed in a crucible 
to a white heat for at least one hour. 

The following class require particularly 
tljis previous treatment. 

Hematites, or Blood Stone. The iron 
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ores belonging to this class, are very numer- 
ous. 

The iron exists in all of them highly 
oxydised or in the state of a red oxyd, more 
or less combined with cfav, and sometimes 
manganese and lime. The principal ores of 
this kind are distinguished by the names <tf 
compact iron, ore, or red hematites; com- 
pact red fibrous hematites, brown hematites? 
brown scaly iron ore, red scaly iron ore % 
brown iron ochre, red iroti ochre , black iron 
ore, common argillaceous iroti ore, nodular f 
or kidney-shaped iron ore f JEtites, or Eagle, 
stone, piste form, qt granular iron pre. 
The analysis of all these ores may be accom* 
plished in the following manner : 
v . Puocjess 1. Let one part of the finely 
powdered ore be mingled, with one eighth of 
charcoal powder, or lamp black, introduce 
the mixture into a crucible to ?# hich a- coyer 
has been* luted, and expose it to a white heat 
for at least one hour, . 

2. Put the Q?e t thus partly de-oxydised, 
into a flask, and endear our to effect a solu- 
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tion, by digesting it repeatedly in three parts 
of concentrated muriatic acid, till this fluid 
ceases to act upon it any longer. 

3. Dry the insoluble residue, mix it again 
with about one sixth of charcoal, and proceed 
as before ; digest it again in muriatic acid, 
till all the iron is totally extracted. 

4. Mingle the different solutions, add 10 
or 12 times their bulk of boiling water, and 
preserve it in a stopt bottle for some weeks ; 
the phosphate of iron (siderite) if any was 
contained in the ore witt then be precipitat- 
ed ; in that case decant the fluid. 

& Having done this, precipitate the de- 
canted fluid by carbonate of soda, which will 
separate not only the iron, but also all the 
earths that were dissolved by the acid. To 
separate these, follow the rules laid down un- 
der the class of earths. 

R£MARK....Rinman assures lis that the 
quantity of iron in an ore, containing no 
visible heterogeneous matter, may be esti- 
mated pretty accurately, by dividing its 
specific gravity stated in integral numbers 
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by 80. Thus an ore whose specific gravity 
was 3.893 gave *£* 3 — 48.6, and in re- 
ality contained 50 per cent, of iron. The 
error was only 1.5 per cent. However this 
holds good orily with respect to ores whose 
specific gravity exceeds 3.6 ; when less 
ISO should be the divisor, the error still wiH 
be 1.5, or 2 per cent 

r 

ANALYSIS OF ORES OF ZINC. 

There are Arte general species of zinc 
ores, namely, 'sulpfourets of zinc, oxyds, 

and zinc ifr the salhie state, or combined 

• » 

with acids. ' • - •-' 

Sulphur et of Zinc, tie Blende. There-are 

>\ • * 

a* gr^atfifiany vaH#Ses ( bf this genus 1 of ore, 

generally distinguished- from eafclv other bf 

the (xrfoUr only; namely, yellow, brown, 

Hack, red blende. In these species of ores 

zinc is combined with sulphur, iron, and 

sometimes copper. They may be analysed 

in the following manner : 



.J ' /. <4, 



106 



ANAIWS OF MWC ORES. 



Process 1. Take one part of the ore re- 
duced to powder* digest it repeatedly in 
four parts of diluted nitric aoid, and repeat 
this operatic^ till the acid does not produce 
any farther action on the residue. 

2. Mingle the different solutions, evapo- 
•rate the whole to dryness, repeat the evapo- 
ration and affusion of nitric acitj SWCfS^Jv^r 
for several times; lastly, suffer the nitric 
solution to stand i^uftufbe^, a$d decant 
the fluid from the insoluble residue. If 
Jthere w^s any iron in the ore it ^rill reijlain 
behind in djp fprip. q{ a brown rodder, t&r 
gether with jhe ahpngte, wtytfi ^ag qgnfeift- 
ed in the ore. 

3. Dcpouf^s^ J% n&fe ap|«k» \^r add- 
ing to. it a solution of sqda, «Q^ect ti>e gr%. 
,cipitate, and wash it 

4. Re-dissolve this precipitate in npuiaffc 
acid,, and assay the solution for qopper, by 
pmmersing into it a cylinder of iron, for ip 
(that case copper wiH be precipitated. If 
not, saturate the solution with liquid aiflPW- 
nia, and add this fluid in excess, if a red 



precipitate erttiies it is iron, which escaped 
the action of the nitric acid, m the last pro- 
o&$A >, add it therefore to that obtained feefore. 
< Tlhte> zinc ntiflfr remains ift : solution. 

4. To separate the zinc, saturate the so- 
knfon* wfth muriatic acid, the precipitate 
Which falte down, is oxyd of zinc, it may be 
deduced to the metallic state, by strongly 
igniting it with half its weight of charcoal 
in' a closed crucible. 

6. In order to ascertain the quantity of 
ahimine and iron, which was contained in 
the ore {process 2*) boil it.in a concentrated 
solution of potash, th& aiumine will be dis* 
solved and the oxyd of iron left behind. 
- 71 To deterimft* the quantity of sul- 
phur,' ffeaMhe insoluble residue ad described, 
jjagtf 62, process 3* 

Qofrttoen GaldrMMe< of Oxyd of Zin# 9 
combined with carbonic acid, may be ana- 
lysed ift a similar manner. 

Process 1. Digest the ore as above di- 
rected reputedly in nitric acid* 
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2. Treat the insoluble residue in a similar 
manner, with muriatic acid. 
. 3. Evaporate the nitric solution to dry- 
ness, it contains the zinc, and probably only 
iron 4nd akimine. 

4. Re- dissolve the mass in liquid ammo- 
nia in excess, and proceed as directed before. 

5. The muriatic solution, (process 2.) 
frequently contains also iron andalumine, 
which may be separated by decomposing the 
solution by potash, and proceeding as above. 

Rem ar k.... A tolerable exact essay of 
calamines, or oxyds of zinc combined with 
carbonic acid, in respect to its contents of 
zinc, may be made \n the following manner : 
. Mix any quantity of pulverized ore, pre- 
yiously freed from sulphur by roasting, with 
one sixth part of charcoal powder. Put this 
mixture into a capacious crucible and diffuse 
equally amongst it a quantity of granulated 
copper, or thin plates of that metal, equal in 
weight to that of the calamine employed, and 
upon the whole lay another equal quantity 
of copper, and lastly cover this latter portion 
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with a stratum of charcoal powder, lute a 
cover to the crucible, and apply a red heat 
for one or two hours. The volatilised zinc 
will thus combine with the copper and con- 
vert it into brass. By comparing the weight 
of the metal after the operation with the 
weight of the copper employed, the quan- 
tity of zinc united with the copper will be 
known. The copper which has not been 
converted into brass, or more copper with 
fresh charcoal powder may be again added 
in the same manner to the remaining ore, 
and the operation repeated with a heat some- 
what more intense, ki order that any zinc 
remaining in the ore may be extracted. The 
ores called friable calamine, compact cala- 
mine, lapis calaminaris, striated calamine, or 
zinc spar, may be analysed in a similar man- 
ner. 

ANALYSIS OF ORES OF MERCURY. 

Mercurial ores are divided into alloys (or 
mercury in a pure state, or nearly so) com- 

K 
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monly called Native, or Virgin Mercury ; 
sulphurets of mercury, or native cirtnabara, 
and mercurial salts, or mercury t niftiendised 
by different acids. 

Mercury attoyed "with Silver. The ana- 
lysis of this ore has been mentioned already, 
-(page 67.) if it should contain beside silver, 
bismuth also, the following method rtiay be 
had recourse to. 

Process 1. Dissolve the amalgam m ni- 
tric acid. 

2. Precipitate the bismuth by adding to 
■the solution, a considerable quantity of wdter, 
collect thfe precipitate and dry it, 123 parts 
of thisoxyd afe equal to 100 of metallic bis- 
muth. 

3. To the solution from which the bis- 
muth has been separated, add muriatic ftdid, 
and collect the precipitate which falls down. 

4. To separate the two metals transfer the 
precipitate into liquid oxygetiised mifciatic 
acid, or boil it in a large quantity of water, 
in both cases title muriate of mercuary wiffl be 
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dissolved, a*id the muriate of silver remain 
behind. 

5. To reduce the silver, proceed as stated 
page 65, process 3. 

. 6, To separate the mercury mingle the 
solution with sulphate of iron, dissolved in 
water, and collect the precipitate. 

Sulphuret of Mercury j or Cinnabar. The 
ores of mercury belonging to this class are 
best analysed by distilling a mixture made 
up of three parts of the ore, and one of lime, 
or iron, filings in $ strong red heat, adapting 
t# the stone retort a receiver filled with wa- 
ter, iato which the neck of the retort is kept 
iqnroersed during the distillation, 

AHALYSIS OF OR£$ Off ANTIMONY. 

Antimony is found in nature mineralised 
by sulphur, farming the ores called sulphu- 
red of antimony, or combined with oxygen, 
ap antimonial ochres; when alloyed with 
Other petals, it kc#Ued Native Antimony, 
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and in the state of a salt it constitutes muri- 
ate of antimony. 

Sulphuret of Antimony. 
Process 1. Let one part of finely pul- 
verised ore be repeatedly digested by heat, 
in four parts of nitro-muriatic acid, composed 
of three or four of muriatic, and one of nitric 
acid, till it exercises no farther action upon 
the residue. The sulphur contained in the 
ore will remain behind, and may be investi- 
gated, as stated page 69, process 3. 

2. Pour the filtered solution ihto a large 
quantity of water, the precipitate which falls 
down is oxyd of antimony, collect it on a 
filter and weigh it : 97 parts when perfectly 
dry, are equal to 75 of metallic antimony. 
It may be reduced ' by mixing it with dou- 
ble its weight of charcoal powder, and sub- 
sequent fusion. 

3. But as lead and iron are in general 
contained in the ore, as is the case in that 
species called yellow antimoniacal ore ; let 
the solution from which the antimony has 
been separated, be concentrated by evapora* 
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tion. If a precipitate of oxyd of antimony 
appears during this process, collect it, and 
add it to that obtained before ; then drop 
into the fluid, a solution of sulphate of potash, 
or . sulphuric, acid, if lead was present, a 
white precipitate will appear. See page 66, 
process 2. 

. 4. If iron be present, a brown precipitate 
tills do wn on the addition of liquid ammo- 
nia. See. page 76, process 6. 

The ores of antimony called compact, fo- 
liated, striated, iridescent, or variegated sul- 
phurated antimony, may be analysed in the 
same. manner. 

Argentiferous Antimony differs from the 
former by containing a portion of silver. It 
may be examined thus : 

Process 1. Digest a determined quan- 
tity of the ore in nitric acid by heat, until a 
portion of acid added afresh does not produce 
any farther solution, dilute the fluid with wa* 
ter and ifilter it, .... 

2. Immerse into this solution a. cylinder 

k2 
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of copper, the silver will be separated See 
page 65, process 1. 

3. Upon the residue left in process 1, 
pour muriatic acid, and proceed as before, 
till a new addition of acid dissolves no more* 

4. Pour the muriatic solution into a large 
quantity of water, and collect the precipitate 
which is oxyd of antimony* See page 113. 

Native Oxyds ofantimony, or cmtmxmial 
ochres^ are best analysed by. dissolving then 
in nitro-muriatic acid, and subsequent dilu- 
tion with water, and proceeding as before. 

ANALYSIS OF ORES OF BItMUTH. 

Bismuth exists in nature in a native state. 
Ores of that kind are catted native bismuth- 
It is also found combined with.<*xygen> form- 
ing oxyds of bismuth, or bismuth ofchrcs. 
Mineralised by sulphur, it constitutes sulw 
phurets of bismuth. 

Native Bismuth may be analysed tin this 
manner: 



P a o c e s s 1. Digest a determinate quantity 
of finely pulverised ore repeatedly in. nitric 
acid, assisted by heat, till the fluid dissolves 
to more, which may be known by the last 
portion of arid occasioning mo precipitate, 
when mixed with water. 

& To separate the bismuth from the stf* 
ltttion, mingle it with at large portion of vra+ 
tfcr> a white precipitate fitlfc down, whiohis 
oiyd of bismuth : if the *hote should o** be 
separated at first, let the. solution be tottcen* 
tratftd by evaporation, & second attrition \of 
water will then precipitate the itemainder. 

3. To reduce, thia o&yd to the metallic 
state,, form it into a paste with a few drops, 
of oil, and fcsc it rapktty with, onfrftbifd'of. 
itt \veight of black flux. 
,4. To ascertain the quantity off sulphur, 
treat.tta inaduhle «eai<fctte of process 1* as. 
Erected page 6a 

The rest of the ores of histrurth nifty bd 
a&afystid ia la siiiutar manner. 
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ANALYSIS OF ORES OF NICKEL. 

... ,- 
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The most abundant pros of nickel are 
that species called sutphurets of nickel, or 
kupfernickel. In this ore nickel is combin- 
ed in general with arsenic, sulphuret of iron, 
and sometimes cobalt and copper. , The 
rest of the ores of this metal are those called* 
oxyds, or nickel ochres ; and salts of nickel, 
or nickel mineralised by acids. . > ■?  ••- 

Sulphuret ofNickel> or KupfernihkeL 

Process 1. Let any quantity of the ore, 
finely pulverised, be first roasted in contact 
with charcoal powder, over a gentle heat, 
and digest it repeatedly in nitric acid, as long 
as this fluid takes up any part of the ore; fil- 
ter the diferent portions of acid employed, 
wash the residue, and mingle the whole. 

2. Pour the before-obtained solutions of 
the ore into a large quantity of water, a mil- 
kiness will now ensue* Suffer the whole to 
stand undisturbed, in order that the precipi- 
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tate may be allowed to subside, which must 
then be collected and dried. 

This is the arsenic which was contained 
in the ore ; but as it is probable that a part 
of this substance still remains in the solution, 
it may be separated as follows : 

3. Concentrate the solution from which 
the arsenic has been partly separated, to a 
small compass, and add a boiling solution of 
carbonate of potash in excess ; if it contain- r 
ed arsenic it will become separated. 
* 4. Transfer this ptecipitate into a fltek, 
containing acetous- acid, and affect a solu- : 
tion with heat. * r j /I 

5. Mingle this solution with liquict am- ; 
monia in considerable excess, a brown prei' 
cipitate falls down, which & the ir6n< • battle 
tained in the ore, and the ox-yd of nickel and 
cobalt remain dissolved. 

6. Having so far proceeded, evaporate 1 
the solution slowly, a precipitate falls down, - 
which is oxyd of cobalt ; and on continuing 
the evaporation gradually to dryness, the f 
nickel which was contained in the ore is ob- 
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tained, after heating the dry mass* tittthe ni- 
trate of ammonia, is decomposed. 

7. In order to reduce this oxyd to the 
npetalUc state, let it be made into, a paste with 
oil, mix it with about three parts of black ftox* 
put it into a crucible, cover it with common 
salt, or borax, and heat the crucible violently 
far two or three hours. 

& To ascertain the quantity of sulphur* 
treat the residue of the first process, as di- 
rected page 69« 

Attentate ofJVicM requires a treatment 
a little different frora this. 

Process 1. Let one part of the ore, finely 
pulverised, be boiled with three of potash, in 
six of water, for at least one hour* supplying 
this fluid as it evaporates, and lastly evapo* 
r#e it to dryness. 

2. Pour water upon the mass, suffer the 
insoluble pajt to subside, filter off the fluid, 
and wash the residue repeatedly, by passing 
water wer H* and then proceed* as in the 
last analysis 
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Oxytk fi/Nickd may be treated in a sirm- 
tor manner. 

ANALYSIS OF ORES OF COBALT. 

Cobalt ores are divided into ^uAphutets, 
o&yds, alloys, and salts of cobalt. 

Sulphur et oj y Cobalt , or White Cobalt ore. 
This ore in general contains, besides cobak, 
•tiiso iron, and sometimes arsenic 

Process 1. Take one part of the ore, re- 
duced to a fine powder, pour over it three or 
four parts of diluted nitric acid, assist ks ac- 
tion by heat ; repeat this operation succes- 
sively, or till the acid does not exercise any 
action upon the ore ; then dilute the solution 
-with double its quantity of water, and filter k. 

2. Drop into the solution carbonate of 
potash, dissolved in water, till no further 
precipitate ensues; collect the precipitate, 
wash and dry k; it consists of iron, cobaft, 
and arsenic. The solution may probably 
contain a portion of arseniate of potash, ori- 
ginating from a part of the arsenic being 
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acidifiod during the process; The arsenic 
may be separated by heat, if it contained any. 

3. Dissolve the precipitate in acetous 
acid,, evaporate the solution slowly to dry- 
ness, repeat this operation two or three times, 
lastly pour acetous acid over it, and digest it 
for about .half an hour, and then filter the 
fluid ; "by this means the iron will become 
separated, and the cobalt remain in solution. 

4. Drop into this solution liquid ammo- 
nia, a precipitate will first ensue, but on add- 
ing more ammonia the precipitate will again 
become re-dissolved. 

5. Evaporate the ammoniacal solution to 
dryness, the cobalt will be obtained in the 
state of an oxyd. In order to reduce it to its 
metallic state, mix it with two or three parts 
of black flux, and one of borax, and expose 
it to a violent heat for at least an hour. 

6. To ascertain the quantity of sulphur, 
treat die insoluble residue according to the 
rules laid down, page 69. 

The ores called gray cobalt, compact and 
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bright gray cobalt ore, may be examined in 
a like manner. 

ANALYSIS Or ORES OF ARSENIC. 

Arsenical ores are divided into three differ- 
ent species, namely ; native arsenic, or arse- 
nic in a metallic state ; sulphiirets of arse- 
nic, or arsenic combined with sulphur ; and 
oxyds of arsenic, or arsenic mineralised by 
oxygen; 

Native Arsenic, Arsenical Pyrites, Mar* 
casite, or Irish Diamond. In this ore arse- 
nic is sometimes alloyed with a small portion 
of silver, gold, or iron. The analysis may 
be accomplished in this manner : 

Process L Take one part of the finely 
pulverised ore, digest it repeatedly, assisted 
by heat, in three of nitro-muriatic acid, com- 
posed of one part of nitric and one and a half 
of muriatic acid, and repeat this operation 
till a complete solution is obtained, or till a 
hew. portion of. acid pixxjuces no further ac- 
; tkm upon the residue ; tjien decant the fluid, 
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and let it subside. If a white precipitate be 
observed in the fluid, the ore contained sil- 
ver (as is the case in the ore called Argen- 
tiferous Arsenical Pyrites ; ) let the precipi- 
tate be therefore collected. It is muriate of 
silver. See page 61. 

2. Evaporate the nitro-muriatic solution, 
from which the silver has been separated, to 
about one-fourth, and add to it water, till 
this fluid occasions no further turbidness, 
which may be known by filtering from time to 
time a small quantity of the mixture, and as- 
saying the filtered solution by a new addi- 
tion of water. The white precipitate ob- 
tained is oxyd of arsenic. 

3. Re-dissolve this precipitate in muriatic 
acid, and precipitate it, by immersing into 
this solution a plate of zinc, mixing with it 
at the same time one-tenth part of alcohol ; 
this precipitate, after being dryed, may be 
reduced to its metallic state, by exposing it 
in a covered crucible to a moderate heat, 

4. The solution, frpm which the arsenic 
has teen separated* n>ay be assayed for iron ; 
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for that purpose, let it be concentrated, and 
mix it with liquid ammonia in excess ; if a 
brown precipitate ensues, it is iron. 

Remark.., .If the ore contain gold, nitric 
acid should be made use of in the first pro- 
cess* The residue may then be treated in 
a similar manner with nitro-muriatic acid, 
and the solution precipitated by sulphate of 
iron* 

Sulphuret qf Arsenic. Of this ore there 
af$ two species, namely ; yoHow sulphuris- 
ed arsenic, or orpiment j. skkJ red sulphuris- 
ed arsenic, re~alger, or ruby arsenic. The 
.analysis of both these ores may be accom- 
plished in a similar manner : in that case the 
insoluble residue of the first process contains 
the sulphur of the ore, the quantity c£ which 
may be found according to the rules laid 
down, so often before. 

Native Oxyd qf Arsenic, which is veiy 
scarce, may be analysed, by dissolving it in 
muriatic acid, precipitating the solution by 
wattjr, and: subsequent reduction of the pre- 
cipitate, as stated in the opposite page. 
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There are only a few ores of tungsten 
known, namely ; wolfram, or more properly 
tungstate of iron and manganese, and tung- 
state of lime ; of th£ latter there are some 
Varieties. 

Wolfram^ or Tungstate of *Iron and Man- 
ganese ', may be analysed thus : 
f 'Process!'. Take one part of the dre/fiiiely 
levigatefd, digest itiri a gentle heat for at feast 
an *hour^ in three parts" of muriatic acict ; 
suffer it to bdol, decant 1 the solution, . and 
^stf the ^ldiie repeatedly in" sis little wai- 
ted as possible. - 

.'- 2. ' Pour over the residite two parts of ' IS 
tjuid r ammonia; suflfer it to stand for scMifc 
days, and agitate it frequently ; decafit'the 
fcmmoniacal solbtkm, wash the residue/ and 

digest it alternately in muriatic acid, and iii 

* * . •  ... . 

ammonia, until it experiehces no farther 
diminution, or till the whole is nearly, or to- 
tally dissolved. * '- . . • 



3%. Mingle 'the ahiunoniaciil solution, and 
evaporate it m a retort or bason, to dryness ; 
transfer the mass into a crucible, and heat it 
thoroughly, or till it acquires a yellow colour* 
This product is the oxyd, or acid of tung* 
sten. \ 

4. Having done this, mix all the muriatic 
solutions which contain the iron andmanga- 
nese, with one-sixth part of sulphuric acid, 
and evaporate the whole to dryness. 

5. Re-dissolve the before-obtained mass in 
water t and add to it a solution of carbonate 
of potash, the precipitate which falls, down 
consists of the iron and manganese, contain- 
ed in the ore ; collect, wash, and dry it. 

- 6. To separate these metals*,, digest. J:he 
precipitate by heat repeatedly in aitiic acid, 
addevapBrafc it to. dryness. *< \ .'. • c. r 
'7* /Transfer the; mate into aceticacid, anql 
digest it with hebt p: the manganese wd^theaj 
become; ^dissolved, 1 and the iron: reshain be* 
hind, deducting the weight of this, from the 
weight of the whole precipitate, the respec- 
tive proportions of each may be found ; or 

l 2 
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if a solution of an alkali be added,, the liquor 
will assume a biow» colour, and a puecipi* 
tate will be obtained after boiling the fluid 
for a few minutes. This is the manganese 
contained in the ore. 

Tungstate of Lime. In this ore tungsten 
exists combined with lime. 

Papcess 1. Digest one part of the ore 
repeatedly in three of nitro- muriatic acid, till 
a new addition of acid, dissolves no more; 
The earth will, be dissolved, and the tung- 
sten remain behind in the form of a yellow 
oxyd ; if pure, it is soluble in liquid am* 
monia, from which it may be recovered, a 
directed in the preceding analysis. * 
>. 2. The muriatic solution contains . the 
lime, aMisametimes a tittle iron i on adding 
to it carbonate of potash, the iant; wHl be 
|»ecipitat cd ; ifit^soffrtains itrm, dissdvethe 
precipitate in muriatic acid,, anilr add liquid 
ammonia, ihe ^ iron will thus become; sepa* 
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. Theraate onfy-ithree differentjranrs contak*. 
ing tellurium hitherto known : in alii of them 
tellurium is alloyed with .other metallic sub** 
stances, namely ; in the white gold] ore: of 
Eatzebay, which im likewise called ftufcum 
paradoxum, tdluriiutn efeiga comfokaedi wvtti 
iron and gold In the one called graphic 
gold* tellurium b alloyed with gold and &* 
ver, and sometimes afeo with lead: and in 
the oce called gray foliated gold oner of Nag- 
gag, tellurium is mated to gold, leady silver 
copper, and sulphur. 

. WJtite Goid OrnofFatecbay* 
£ft*c&8s Iv Let *oa part of, ibeifinfcly 

pulverised ore be gently boiled with sia 

• 

parts <rf>nJUiAaric aridi, and tBea add thveo 
pants of > nitric arid gradmlfyv ftbpeat rthid 
operation titt the acidr exercises no f&flthoB 
action.upon thei ore,; aad, filter thesotafrs*^,; 
2. Dilute iti1»th^cljm«chfwaten^ rtf^ 
bear, without becoming turbid, and add to 
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the solution, potash dissolved in water, in 
excess, or until the white precipitate which 
is first formed is again dissolved, and 
nothing remains but a brown flaky sedi- 
ment, which is a mixture of gold and iron 
contained in the ore. 

3. To separate these two "metals, let h be 
re-dissolved in nitro-muriatic acid, precipi- 
tate the gold from this fluid by a solution of 
nitrate of mercury, and the iron by potash: 
The mercury may 1 be separated; by heaiting 
the precipitate to redness. • 
• 4s To the alcaline fluid of process 2, add 
muriatic acid, taking care to avoid an excess 
of acid. The oxyd of tellurium is thus pre- 
cipitated in Ae form of a white oxyd . 

i 5. To reduce, this oxyd to the metallic 
st^e, fonrL it into a paste with a sitall quan- 
tity of. oil; and put it into a retort, or )Cruci- 
ble : as the oil becomes decomposed, brilli* 
ant and metallic drops are observed in the 
upper part of the vessel^ whkh increase in 
ttumb^^intil the oxyd is reduced, a M 
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All the other ores may be analysed in the 
same manner, with the only "difference that 
the precipitate produced by the potash; must 
be treated according to the metals of which 
it consists, namely ; if it contains silver, as is 
the case in the graphic gold ore, the silver 
will be separated \A thb form of white flakes, 
lead maybe detected. by sulphate of soda; 
(see page 66) and capper by polished cy- 
Khders of iron. .-.:; •-> *;,' s .-• • , -vV . 

ANALYSIS OF ORES OF URANltfft.. v? 

*• • r " ■> • t t r •-» 

r , *ti » • *'v. i tO r r n t r :-*t\rr •• -< ** . j-%  

: ^Jimriii^b is fiarfjndfiii>oahire!inrlfce*state of 
amoxjid ; :tfke;6xydiof umtmmi! erfidtaftom* 
bined with a greater.br sniaBer portioiDoflittim 
tekdtf iikfr sutpfcurLit!, forms .thdiomjfcatled 
ptehUaJecdfe,'lor dxjfdoffuraBiimi ; combibedt 
wiAicaFfcoriii'acid; . informs the, tai&enty 
baHedt&ikroiitft* r v:w\ I « : »r ^ : .- • v ;)•» 
Uranium or Pitch-blende. 
"PaocEfes?!. Take one part of thfe/ore 
finely pulverised, digest it\ifepeated!y in four 
parts of: dibgcfiL hilxic>acid$rtiii iw^rly the 
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whole of the ore is dissolved, or till a new 
portion of acid occasions no farther action 
upon the residue ; the black colour of the 
ore shows that its decomposition id com* 
plete. 

2. Evaporate the solution to &t least one* 
third of its original bulk, and leave it to 
cool, a precipitate will become deposited* 
which is nitrate of lead, collect it by filtra* 
tion. To ascertain the quantity of lead, add 
sulphuric acid, and proceed as directed 
pagefifc . .:..-. 

To separate a small portion of iron which 
k generally disacdwd ty the acid, immarse 
ft cylinder of zinc into the solution, the iron 
llrill become precipitated 

& Into the nkric dotation, Aon* Which tfa* 
lead has been separated, let fall a solution 
of potash, the precipitate which is formed 
consists of oxyd of uranium and oiyd of 
zinc. < 

4. To separate these two metallic oxyds, 
transfer the precipitate into a phial, contain- 
ing liquid ammonia, and digest far some 
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days ; the oxyd of zinc will become dissolv- 
ed in the ammonia, and the oxyd of urani- 
um left behind : transfer it on a filter, wash 
it, and when dry, weigh it ; the loss indi- 
cates the quantity of oxyd of zinc, contain. 
ed in the solution. The oxyd of uranium 
when dissolved in diluted sulphuric acid, 
affords, on evaporation, crystals of a lemon 
yellow colour. 

The undissolved residue of process 1, is 
a mixture of silex, sulphur and iron, which 
was contained in the one : the sulphur may 
be separated as' stated page 68. 

The <other ores of uranium may be ana- 
lysed in a similar manner. 

ANALYSIS OF ORES Of MOLYBDENA. 

The ores of molybdena at present knows, 
• are sulphuret of molybdena, and molybdate 
of lead. 

Sulphuret tf Molybdena may be analysed 
ia the following manner : 
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Process 1. Take one part of the ore 
freed from all its matrix, put it into a retort 
containing three parts of nitric acid, * adapt 
a receiver, and distil till no more drops fall 
from the neck of the retort, affuse a new 
portion of acid on the residue, distil it 6ff 
again,* and repeat this operation until the 
whole of the ore be . converted into a white 
powder. 

'. 2. Wash this powder well in' water, land 
dry it ; it is the oxyd, or acid of moly bdena. 

3. Mingle the water * used for washing 
the acid, with a solution of potash, till no 
farther precipitate ensues ; this precipitate 
add to the former, it is also a portion of 
acid of molybdena. 

•5.' Having done this, add muriate of ba- 
rytes to the solution in order to ascertain 
the quantity of sulphuric acid, according to 
the rules described page 82, or proceed thus : 

Process 1. Let one part of the ore be 
repeatedly boiled in sulphuric add, till the 
acid refuse to dissolve any more ; this solu 
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tion, which should have no excess of acid, 

 

contains the oxyd, or acid of mofybdena. 

2. The insoluble residue which consists 
mostly 6f sulphate of lead, must be boiled 
for some time with carbonate of soda, and 
then washed. . 

• 3. Upon the washed precipitate pour nitric 
acid, in order to effect a solution. The in- 
soluble powder, if any, is silex. 

4. Decompose the nitric solution by the 
addition of sulphuric acid, the precipitate 
obtained is sulphate. of lead. 

5. Saturate this solution with liquid anw 
monia, if a precipitate ensues it is iron that 
was contained in the ore, collect and dry it 

6. Having thus far proceeded, evaporate 
the sulphuric acid solution obtained in pro- 
oe& 1, to dryness, heat the mass strongly, 
and digest it repeatedly in diluted nitric 
acid. 

Molybdate of Lead may be analysed thus : 
Let die ore be dissolved by repeated diges- 
tion in muriatic acid, muriate of lead will be 
deposited, and the molybdic acid remain 

M 
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suspended in the solution, from which it 
may be removed, as before stated. 

ANALYSIS; OF OUQ5 Of i?jfcjtOi*Ei 

; . ■!.-.- 

Chrome exists likewise only in the sfetfe 
of aa osyfl, combined witt* teftd* or iron. 
The ores of this metylare chrp#tf£e of lead, 
and chromate of ;irpn. t . x ; 

Chromate of Lead* 
Process 1. Let one pwtpf the ore min- 
gled with eight of potash, be, fusfcd for at 
le^st one hour ? pour the mass; into a con- 
venient vessel, and when cold, boil it in a 
sufficient quantity of water, for h#If an hour* 
and filter the fluid. i . . 

% Digest the insoluble part in muriatic 
acid, decant the solution, t wash the residue, 
and treat it alternately with potash and mu- 
riatic acid, until the whole is dissolved. 

3. Mingle the alkaline solutions contain- 
ing the chrome, saturate it by the admixture 
of nitric acid, and decompose it, by addpg 
to it nitrate of lead. The precipitate which 
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fells down! is chromate of lead, 100 parts 
when dry indicates 35 of oxyd, or acid of 
chrome. 

4. The nitric solutions which contain the 
iron of the ore, together with perhaps a little 
chromic oxyd, may now be mingled together. 
To separate the latter, drop into h a solution 
trf carbonate of potash, eollect the precipitate, 
and boil it in a solution of potash. What re- 
mains is iron. 

Chromate of lead may likewise be analys- 
ed by treating it successively with muriatic 
acid ; in that case muriate of lead falls down, 
and the solution contains chromic acid, mix- 
ed with a little muriatic acid. The muriatic 
acid may be got rid of by the addition of 
nitrate of silver. The chromic acid may be 
determined, as stated before. 

ANALYSIS OF ORES OF TITANIUM. 

Titanite exists m the state of an oxyd only. 
-Theores of that kind are oxyd of titanium and 
iron, or menachanite ; red oxyd of titanium, 
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combined with lime and silex ; and red 
schorl, or redoxyd of titanium. 

Analysis of Menachanite. 
Process L Let one part of the ore, finely- 
powdered, be fused with five or six times 
its weight of potash, or its carbonate ; and 
dissolve the fused mass in water. 

2. Saturate the alkaline solution with mu- 
riatic acid, till no further cloudiness ensues, 
separate the precipitate, which is the oxyd of 
titanium. 

3. Evaporate the solution to dryness, and 
re-dissolve the residuum in water, the silex 
will be left behind ; again precipitate the so- 
lution by potash, and add the precipitate to 
the oxyd obtained before. 

4. Dissolve the oxyd of titanium in sul- 
phuric acid, on adding to this solution phos- 
phoric acid, the titanium will be precipitated, 
and the iron left behind. For a further ac- 
count the reader is referred to Klaproth's 
Analytical Essays, page 496. 
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ANALYSIS OF ORES OF MANGANESE. 

Ores of manganese are very common, but 
the metallic manganese exists in atl of them 
in the state of an oxyd. They differ merely 
from each other in the degree of oxydation, 
and other foreign substances which accom- 
pany them. Hence they are distinguished 
from each other, by the appellation of black 
oxyd 'of manganese, gray cm* brown oxyd of 
manganese, Sec. 

Black Oxyd of Manganese. This as 
well as all the rest of the ores of manganese 
alfrfcys contains a portion of iron, but fre- 
quently also besides this a variety of different 
earths, particularly lime, silex, and some-; 
thties barytes.* * 

Process 1. Digest a determined quantity 
of the ore repeatedly in diluted nitric acid 
assisted by heat, until this acid acts no far- 
ther on the residue. 

2. Upon the ore thus freed from the dif- 
ferent earths it may contain, affij&e six parts 

m 2 



of concentrated muriatic acid, and assist its 
action by a gentle beat Repeat thk opera*, 
tion with half the quantity of acid, until it 
dissolves no more manganese, which may 
be known by holding a piece of paper tinged 
blue with tincture of litmus oyer the fumes 
which arise from the vessel. If the blue do- 
lour of the litmus pap?r .become? reddened, 
the operation is at an end, but if the^kie co- 
lour be discharged the operation ; must be 
continued. The solution may tj*en be de* 

9 

canted, the insoluble residue washed. ia war 
ter, and this water added to the, muriatic so- 
lution. The, insoluble part cojwjsfeof^sils^ 
•8. Into thflsmupatic solution, Ipt ^ a so- 
lution of carbonate of soda, filkno farther 
precipitate ensues, flie prey im it a te is the 
oxyd of manganese and iron, if«4fty wp$ con- 
tained in,£he ore*. s In order tok^^o^S if it he 
pure mangap$«p, bpil it in a ooa$$ntmt$d 
solution of potash, ; the paqg^^jwU |$ 
dissolved, and the oxyd of, ^on renjain be- 
hind : by de^eti^g {ftp frguvthe weight of 
t^ie preciptfale, the quantity of manganese 
mav be found. 



,4j To asfceriain if the ore contained lime, 
add to the nitric Solution obtained ki pro-, 
cess 1 9 * carbonate 6f potash, the precipitate 
produced, after having; been ignited, has the 
properties of lime, if this earth was present. 

5. If the one contained bferytes, the nitric 
solution gtagr be assayed by aajphurie aead* 
which in *hat cafe occasions a whjto pmctpih 
tate. All the other ores of manganese, mar 
be analysed in a iibe manner. 

ANAtVsUO? Trt^OR^dF' CQXJCTtitaiDWj 

f 

Ta $e genawof atfcs iso £uf : cori£de&d, 
Mr. Hatoheftt hafcadded a ncivoioe, toTwhich 
ttt fcto given the rame of iCokttnbiifctfu . 

This ore is of a cfark brawnish gray.e3i4 
temt^^^>qfcxv iDctinb(g! Maui wdii gfciy, 
frtemaUp- 1 ^ .lo^ptedmalr jJaudriuscdbi lab 
g*kllj#ed* i^^ro» ;^ct3^e Jias;a fnie girjaito 
te^*stpe j* y itetftttftt sHgh% naaetjillic. ]k is 
»wtoattJy hwd, *»d veiy brittkk Itfe eol 
Iohut i& a qtfciealaie bretah* fond is s% tt% 
magnetical. jfafect^^joalii^^ 
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hi the state of an acid, combined with iron. 
Mr* Hatchett discovered this ore in the year 
1802, on examining and arranging the mi- 
nerals of the British Museum. His analy- 
sis is as follows : * 

Process 1. One part of pulverised ore 
was mixed with five times its weight of car- 
bonate of potash, and ftised in a silver cru- 
cible. . 

2. The alkaline mass was dissolved in 
boiling water, the insoluble part separated 
by the filter* and repeatedly washed in wa- 
ter. 

3. The filtered fluid wa& mingled with 
muriatic acid in excess, the 1 result Mras a 
white flocculent precipitate, being the Colum- 
bia acid contained in the ore. '■ - '  

, / 4: The insoluble residue of process $ r was 
digested in muriatic add, in otidertti gerrid 
of the iron ; the acid bang decanted, the 
residuum after being washed, was again 
fused with carbonate of potash, dissolved 
and precipitated mtfo nitrie acid alternately , 
tiU the whole was decomposed. 
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5. The' muriatic solution was' how d*s 
composed by liquid artimonia, a' copious 
ochreaceous precipitate fell down, which was 
re-dissolved in nitric acid, and the solution 
decomposed by means of ammonia. The 
iron was thus obtained.  > i\ '.\. r 

6. The different alkaline solutions were 
mixed together, and 'being supersaturated 
with nitric acid, yielded the same white preci- 
pitate (columbic acid.) The fluid from which 
the precipitate had been separated by nitric 
acid, was then saturated with amnionic and 
being boiled afforded a small quantity Of 
oxyd of iron* : 200 parts of the Ore, thu& aha*, 
lysed, yielded Mr.. Hatchett 42 of oxyfi 
of iron, and 155 of columbic acid* For a 
fuller account of Mr*. Hatchett's analysis we 
refer the reader to his paper in the Philoso- 
phical Transactions, 1802, -part 1. p. 40. 

' . • .'■.'."-' i \ 
ANALYSIS OF ORES OF TANTALIUM. 

Since the discovery of the last mentioned 
ore, a new metallic substance has been arm 
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jKHinced by Mr. Eckeberg, which is said to 
exist in the mineral called gactotinfte, and al- 
so in a peculiar species of tin ore, called by 
.the Germans, zin-graupen. In the first 
mineral the. metal is said Do exist combined 
with oxyd of iron and manganese, and in 
*he latter united to yttria. The discoverer 
Hbks called this metallic substance tantalium. 
The metal is distinguished from all others 
Jby being insoluble ki any of the acids. Whe- 
ther this substance will retain its place among 
She metals, must be left to future investiga- 
tion ; at present we have only the authority 
*rf Mr. Eckeberg for inserting it See 
Journal de Minis, No. 20, An. x. p. 248, 
and the author's System of Practical Chemis- 
try, vol. it p. 163. Philadelphia Edition. 

EXAMPLE OF AN ANALYSIS OF AN ALLOY 
COMPOSED OF DIFFERENT METALS. 

From what has been stated in the preced- 
ing pages, it will be obvious that the sepa- 
ration of different metals, from other sub- 
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stoftes with w^icfai nature had combined' 
them in die, bosom of ; the earth, is totally 
owing to the different affinities, which differ- 
ent metallic substances* possias to certain 
bodies. This being once knofflta, thfc arta* 
lysis Of a metallic dooipoUnd consisting of a 
variety of diflfetenfr rnetate, Hvitl become 
easy. : Supptee s therefore that 3. metallic 
mass .was, made mp. of plating gold, bis- 
muth, silveri, jpA, iron, and- copper. The 
separation) of these met&te might* b£ eflfectfejT 
in the faHo wing manner): i J ,f; 

Process L Letthe r aH6jr- be comminut- 
ed either by filing, or granulation, and di- 
gest it in diluted nitric acid, till this 'agent 
exercises no farther action on the residue." 
Mmgie the difenniir^utkMis> ! And 1 put the 
raioluble residue,; which consists of the gold 
awi pflatina, aside for .farther examinktien. - • 
2. Mingle the obtained nitric solution wjfth 
water* tiU a new Edition of this fluid oc- 
casions no farther turfeidness; > Suffer the 1 

precipitate whfceb 13 tiius fonwed to subside, 
collect it by the fitter, anfrdiy it. ; This/ fe 
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the <Wyd of bismuth : 123 parts, when dry, 
are equal to 100 of metallic bismuth ; or it 
mpjLJte: ftduced to its metallic state, by 
fq&bg it briskly in a crucible under a cover 
of qharCoaJ dust. > L 

,,$* COncentrafe the itiid from which the 
biwMjtft has .foph separated, and immerse 
into, it ar cylinder of capper, the silver, will 
hecomfc precipitated In a metric state. 

A'Tq separate the kad drop into! the fluid 
<£j)&49st$iYji£S8ft sikiphurie acid, till no far- 
ther precipitate falls down. This precipitate 
is sulphate of lead ; 100 parts of it when per- 
fidy dry* contain 30 of metallic lead. 

;^ TitflifluW. from which tihe lead has been 
separ^^rtiu&t >now be mixed with liquid 
^Hnop^a^a brown 'precipitate falls down, 
ugtych^jtt tbe^ iron that was. contained in the 
alley* ; ; .]Ufc it beighked fiot* at least one hour, 

aodwRigh&t: .-.;.,: . :. : 

. 6.; The solution jroih which the iron has 
b$$n f^pa^ted may be decomposed by mix- 
ing & iwit&a sokitiDn <tf potash* and boifing 
it^^tje; tfce atnftionia becomes vofckilfeed, 
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and an oxyd of copper is precipitated. To 
obtain the copper in a metallic state, dissolve 
this oxyd in sulphuric, or muriatic acid, and 
immerse into it a cylinder of iron. The cop- 
per will then become separated in a metallic 
state. 

7. Having thus for proceeded, take the 
insoluble residue left in process 1, dissolve 
it, by digesting it repeatedly in nitro-muriatic 
acid, till a. complete solution is effected/ 
Mingle this fluid with a solution of muriate 
of ammonia, the platina will be separated, 
and the gold left in the solution ; to reduce 
the platina to its metallic state, expose the 
precipitate to the most intense heat that can 
be raised. 

8. To recover the gold, mingle the so- 
lution from which the platina has been sepa- 
rated with a diluted solution of green sul- 
phate of iron, a precipitate falls down, which 
is metallic gold ; collect and fuse it into a 
mass. 

The analysis is now completed, if the 
sum total of the obtained products corres- 

N 
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SPECIFIC GRAVITY OF METALLIC ORES. 



pond with the weight of the substance sub- 
mitted to examination, we are certain that 
we have operated accurately, if not, the ana* 
lysis must be repeated, in order to discover 
the error. 



GENERAL VIEW OF THE AVERAGE SPECIFIC GRAVITIES OF 
DIFFERENT METALLIC ORES. 



The average specific gravities of ores of 
different metallic substances, when freed as 
much as possible from heterogeneous mat- 
ters, are as follow : The specific gravity of 
Crude Platina reaches from 20.6 to 22 
Gold ores ----- 5.7 to 11.8 
Silver ores ..... 5.8 to 10.6 
Copper ores - - - - 5.2 to 6.5 4 

Lead ores 5.1 to 7.18 

Tin ores 5.3 to 6.97 

Iron ores 5.6 to 8.5 

Zinc ores 5.0 to 5.5 

Mercury ores - - - - 5.4 to 7.75 
Antimony ores - - . * . 5.1 to & . 

r r *. 
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Bismuth ores - - - - 5.8 to 8.6 

Nickel ores - - - - 5.5 to 6.5 

Cobalt ores - - - - 5.3 to 7.2 

Arsenic ores .... 5.1 to 6.8 

Tungsten ores - - - 5.8 to 7.5 

Tellurium ores ... 5.4 to 6. 

Uranium ores ... 5.2 to 5.5 

Molybdena ores - - - 5.2 to 6.2 

Chrome ores - - - - 5.3 to 6.5 

Titanium ores .- - - 5. 1 to 6. 

Manganese ores - - - 5.1 to 6.8 

Columbiunv ore - - - 5.918 

Tantalium ores, not yet ascertained. 

For a summary view of external charac- 
teristic properties of ores, the reader is refer- 
red to Kirwan's and Babington's Mineralo- 
gy, vol. ii. p. 335. 
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EARTHS AND STONES. 



CLASS II. 



EARTHS AND STONES. 



THOUGH there seems to be an .al- 
most infinite variety of earths and stones 
scattered on the surface of the globe, yet 
when this subject is examined with a chemi- 
cal eye, we find, not without surprize, that 
all the stones we tread under our feet, as well 
as the vast variety of specimens we meet with 
in the cabinets of the curious, and even the 
mould in which vegetables grow, are all 
composed of a very few earths, in number 
no more than ten : moreover, of these simple 
earths seldom more than four or five are 
found combined together in one substance, 
met with in nature. 
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NATURAL HISTORY OF EARTUS AND STONES. 

The slightest acquaintance with the stony 
substances, that come under our inspection, 
is sufficient to convince us that they were 
once in a soft or liquid state, A vast num- 
ber of earths and stones have a regular sym- 
metrical arrangement, they appear to have 
been crystallised like salts, and must there- 
fore have been separated from their solvent, 
whatever that may have been. The variety 
of crystals of stones and earths discover all 
the figures and modifications of primitive 
forms, observable in other substances, when 
suffered to crystallise under favourable cir- 
cumstances. Moreover, many stones in- 
close organized substances, which they could 
not have admitted, but in a soft or fluid state ; 
others are evidently formed round different 
substances, as these, having received their 
shape and form, the operations of art could 
never have introduced themselves into them. 

n 2 
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The bare mention of these circumstances is 
sufficient, as this point cannot possibly be 
disputed. The only difficulty that offers 
itself is, to ascertain the nature of that fluid 
which was capable of holding in solution, or 
perhaps in suspension, that immense mass of 
solid substances of which the stony part of 
the globe consists. Concerning this subject 
different theories have been advanced. Kir- 
wan remarks, that with regard to stony mat- 
ters placed deeper than one mile beneath the 
level of the sea, we have no reason to affirm 
that they were ever in a soft state, as we are 
absolutely unacquainted with them ; with re- 
spectto those that are nearer to, or on the sur- 
face of the earth, we may forthepresent sup- 
pose that fluid to have been in most cases 
mere water, in some circumstances assisted 
by saline substances, and in comparatively 
much fewer cases, aided by volcanic fires. In 
vain however haVe philosophers endeavoured 
to form perfect theories of this subject. If it 
were permitted to man to follow, during 
several ages/ the various changes which are 
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produced on the surface of our globe, by the 
numerous agents that alter it, we might per- 
haps be in possession at this moment Of the 
Bhost valuable information respecting this 
subject; but thrown as we are upon a small 
point of this vast theatre of observation, *we 
can only fix our attention for a minute to rea- 
son upon subjects which 'have employed the 
works of nature for ages, and disappear our- 
selves at the moment wherein we have pro- 
ceeded so far as to collect a few facts. 

It must nevertheless be acknowledged that 
those men who by the mere efforts of their 
imagination, have endeavoured to form ideas 
respecting the construction and the great 
phenomena of this subject, 'have numerous 
elaims to our indulgence. Amongst these 
we have to mention particularly Kirwan and 
Hutton. In their proceedings we behold the 
Efforts of genius tormented with the desire of 
acquiring knowledge, and irritated at the 
prospect of the scanty means which nature 
has put in its power. They have endea- 
voured to embellish their hypotheses with 
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every ornament which imagination and 
eloquence can furnish, either as instruments 
of illusion or entertainment : we Ought to 
consider ourselves highly indebted to them. 

CHARACTERISTIC PROPERTIES O* EARTHS. 

Earths when in a state of purity, are con- 
crete, friable, white, and opaque substances, 
whose specific gravity never exceeds five 
times that of water. They exhibit no me- 
tallic lustre. They a^e infusible and abso- 
lutely incombustible, or inconsumable in fire. 
They are insoluble in water, in the common 
acceptation of the word. Most of them 
have no perceptible taste. They are capable 
of combining with acids, and forming with 
them a peculiar class of bodies, called salts. 
They are likewise disposed to unite with al- 
kalies, with sulphur, with phosphorus, and 
with each other. 

In some systems of mineralogy a distinc- 
tion is made between earths and stones, but 



Jrt 



DIVISION OF EARTHS AND STOKES. 



153 



/ 
f 



this is of no utility. Stones differ from 
earths, merely in cohesion and hardness j 
and hence they are more properly included 
in one class. For a stone in fact is nothing 
more than a hard earthy nu\s$* add an earth 
in powder is ap aggregate of very minute 
stones. For instance sand or grit-stone, are 
particjes of sand united by the force, of fag- 
gregation iqto one^iftass called a stone? 
jmd sand, is; an accumulation of grit-stone; 
vyfiose integrant molecule are disunited > 
both substpnc^g have pi^cisely the, $euo$ 
chemical; prqp^^ies.: OJ iVl7 o. :/-•, ...!v 

Aik the, e£j$y ; ^iptopyrrpubstwc^ •'*» 
classed and; named; acQording to the na£ur$, 
of that particular substance* which forms its 
most predominant part. 

DIVISION OF EARTHS AND STONES. 

From what has been premised mineralo- 

> 

gists have 4ivided earths and stones into the 
following different genera. Each genus de- 
rives its name from the particular earth whifth 
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constitutes ks most predominant part, 
namely ; 

Silicious genus Strontian genus 

Calcareous Glucine 

Aluminous Zircon 

Magnesian Yttria 

Barytic Augustine 

In examining tiiese different genera -of 
stones, we shall previous to their analysis 
trace out some obvious physical marks, and 
chemical properties, by which we may be 
enabled to ascertain the nature of the stones 
which are unknown to us, so far at least as to 
enable us to bring them under one of the 
above genera, and to facilitate the chemical 
examination of stones m general, to be con- 
sidered hereafter, 

ANALYSIS OF SILICIOUS STONES. 

Most of the stones belonging to this genus 
are stransparent ; they have a vitreous ap- 
pearance, and a high polish. They are very 
hard, and scratch glass. They are not acted 
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upon by any acid, the fluoric excepted. They 
fuse with alkalies, and form with them, in 

• 

certain proportions, a substance called glass. 
They likewise melt with the glacial acid of 
phosphorus, and with boracic acid. They 
do not adhere to the tongue, nor do they dis*. 
cover any peculiar odour when breathed on. 
Stones composed chiefly of pure silicious 
earth are transparent and colourless. Their 
specific gravity is seldom more than 2.88. 

When a stone possesses most of the pro- 
perties which characterise the silicious genus, 
we may proceed to the chemical examination 
of it, in order to ascertain with more cer- 
tainty whether it really belongs to this 
genus or not, in the following manner : 

Process 1. Let a determinate portion of 
the stone be heated to redness, plutige it 
suddenly into cold water, and repeat this 
operation for several times successively, 
unttLthe stone is become considerably friable* 
2. Let one part of the stone thus prepared 
be reduced to a fine powder, mix it with four 
or five part* ofjxrtash* dissolved in a lite 
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quantity of water; put the mixture into a 
silver crucible, and evaporate it to dryness, 
keeping the mixture constantly stirred with 
a silver rod, to prevent the potash from swell- 
ing and throwing part of the mass out of the 
erucible, when the whole is evaporated to 
dryness, let the fire be gradually augmented 
until the Crucible is of a dull red heat, or 
till the mass flises quietly. Keep it in that 
state for at least one hour. From the ap- 
pearance of the mass in the crucible we may 
form some conjecture respecting the pre- 
dominant earth contained in the stone ; for 
if the mass flows thin like water, we may be 
certain that the stone consists chiefly of sili- 
cious earth, and therefore belongs to the 
silicious genus. 

3. Let the crucible before it is complete- 
ly cold; be removed out of the fire, soften the 
contents of it by water, and renew the affu- 
sion of that fluid from time to time, till all 
the fused mass is detached from die crucible, 

r 

then add at least 12 times its bulk of water, 
i«[i bidder: to effect a solution; If the fcton^ 
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belonged to the silicious genus, the fused 
alkaline mass will now be totally soluble in 
water, or at least nearly so. 

4. Into the before obtained alkaline solu- 
tion pour muriatic acid until no farther pre- 
cipitate ensues, and evaporate the whole to 
dryness without separating the precipitate. 

5. Upon the dry mass affuse six times its 
bulk of muriatic acid, previously diluted 
with four parts of water, boil the mixture for 
half an tour, suffer the insoluble part to sub- 
side, collect it on a filter, dry it, and expose 
it to a red heat in a crucible : this powder 
is the quantity of flint, or silex, that was con- 
tained in the stone. Its weight, after being 
ignited, ought to amount to at least some- 
what more than one half of the original 
weight of the stone submitted to examina- 
tion. 

Stones belonging to the silicious genus 
are, rock-crystal, quarts, flint, chert, calcedo- 
nies, jaspers, agates, carnelians, porphyry, 
topazes, opals, elastic quartz, or flexible 
marble; granites, pitch-stone, grit- stone, chry- 
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sophrass, adularia, Sec. They may be ana- 
lysed in a similar manner, at least with a view 
to determine their proportion of silicious 
earths. 

ANALYSIS OF CALCAREOUS STONES. 

To this class of earth belong all those 
stony mixtures in which the properties of 
lime predominate. Pure calcareous earth, 
or lime, is very rarely met with in nature. 
This »earth is more generally combined 
with different acids, particularly with the car- 
bonic and sulphuric acids. It exists how- 
ever also in combination with phosphoric, 
fluoric, and boracic acids. Calcareous stones 
are never hard enough to strike fire with 
steel. Their specific gravity is always less 
than three times that of water. They can be 
scratched with a pen-knife. All of them 
are easily reduced to powder, and some are 
quite friable between the fingers. 

As it is impossible to point out a ready 
method which could be applicable to the 
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examination of all stones of this genus, we 
shall consider them under certain sections, 
namely : 

First. Calcareous stones which are readi- 
ly soluble in nitric or muriatic acid, with 
more or less effervescence. 

Secondly, Calcareous stones which are 
not soluble in nitric or muriatic acid; or at 
least Jar more difficult, and which do ndt ef- 
fervesce. 

To the first species belong all the stones 
properly called carbonates of lime, or lime- 
stones* They may be distinguished and 
analysed in the following manner : 

Carbonate of Lime. The stones belong- 
ing to this division are soluble in nitric or 
muriatic acid, with effervescence, or nearly 
so. They yield carbonic acid gas when ex- 
posed to heat, and become converted into 
quick-lime. They do not form an uni- 
form mass, when fused wkh potash' or 
soda. 

As, however, rr>ost of these properties are 
also peculiar to barytic stones, they, may at 
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once be distinguished from the latter, by their 
specific gravity ; for the stones of the batytic 
genus exceed considerably in specific gravity 
those of the calcareous. The specific gravity 
of the'barytic genus is always above four, 
whilst that of the .calcareous, is always less 
than three. For the sake of certainty, how- 
ever, they may be chemically examined 
thus : 

Process 1 . Take a determinate quantity 
of the stone, reduced to an impalpable pow- 
der, digest it repeated^' in muriatic acid, 
until this fluid exercises no further action 
upon it ; dilute the solution, filter it, and col- 
lect the insoluble residue on the filter ; dry 
it, and ascertain its weight 

2. Dilute the solution with 24 times its 
bulk of water, and drop into it diluted sul- 
phuric acid ; if the stone contains barytes a 
precipitate ensues. Let it be collected, 
dried, and weighed. 

3. Having done this, add to the filtered so- 
lution, from which the barytes has been se- 
parated (if any was contained in the stone) 
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a solution of carbonate of soda, till no more 
precipitate ensues t <x>flect the .precipitate, 
and dry it, at least M-nwch so, that it may 
be transterred From the filter conveniently. 

4. Poiir over the precipitate obtained in 
the; last process, sulphuric acid, till no far-, 
ther ' effervescen ce ensues. 
- 5, Let the whole be- introduced into a 
mixture of three parts of distilled water efnd 
©oe ; of alcohol, in the proportion of eight 
party of the imx*ure tdthe quantity* of the 
substance whfohiwks before dissolved in ni- 
tric aad ; digest the w x hote >ia tfce cold for 
some hours, filter off the fluid, <dsy, the inso- 
^teKpa#t,'&ndw^ • • 

6. Let the fluid ^obtained in the last pro- 
cess be decomposed by • the addition of a 
solution of carbonate of potash, collect the 
precipitate, tvash, and dry ii i :,ry. _ 

If the substance,' thds examined, properly 
belongs to the genus of carbonate of lime, the 
weight of the insokbte pflfrt obtained in )pro^ 
oetfi»'«9, after deducting from; it^ofie-tlAsI, 
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part, must exceed the weight of the insolu- 
ble parts of process 1 and 2*; . • . 

Carbonates of \hm way also: be distin- 
guished from other stones, by btoOToi«g;con- 
verted into quick-lime,, after having b£ta£x- 
posed to a red heat for Some hours, during' 
which process stones of thi&g&&ra;k>s£ahoufc 

forty parts. The retraining earth is quick- 
lime. - , , , •- -H lti : , 

Stones be!(Higbg;tQJtlrisipetei4s, brfcarbc* 
nates of, lime* -ar&alhjthe varretfes of what 
are commo&ty> called limestones, chalks*, 
marbles^ sfafartitm pearUspm^ marls > tes~ 
taceous, tttfifa Jmihe stom, -fatal , 

Calcareous stones^limhi Rbt. npt sphible; 
in nitric or* miariatfc^^i(fe,ior sulphate) of 
lirfte, may,,b£;arafysed k ihe felte wing man- 
ner: » .;: o ,:',:£/■<* '• • -* . - 5 > '! > P * '■ 

Process 1. Let o^ ; part of; ^mineral, 
fiftefy powdered, be bfcilpfb with Jfomr times 
it$ weight of cariwnato ef> p$$*sh* <» 4 aaffa 
cfert:quajtffoytof vwitefe 5 J» at tea& ft*® or 
#urae bour$i mw(» r ing;^JUid»lrit $vapo* 
rates, and collect thoinsoluble mass. 
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2. Transfer tfie insoluble part into a flask, 
containing diluted nitric. acid* effect a solu* 
tioivif possible, evaporate ,it to dryness, and 
weigb.the massj 

j 3. Pour upon tfce dried rt>a$B t more than 
ifcrrpwn weight of strong sulphuric aCid^ ap- 
ply, heat gradually increased till no mom 
fafws rise : weigh it again. 

4. Digest tjie insoluble part in. twice itfe 
weight of cold water, filter off die fluid, andL 
dry ,the insojuble residue in a dull red heat,: 
r £pi; estiiftjaJ* the quantity, of lime* dedoefr 
j$om the weight of the iflseiublenoiass left in 
process 3. 59 parts: the remainder gives the 
qp*#tityqf linpe»; or,, v ; .; 

. , r % If, the insoluble ; mass ! of. process 2> be> 
exposed to a red heat far some; hours* it vviH 
fet converted intQ quicklime. 
-.^ fo & sirtiUr* maimer n&aj^ he examined aili 
the different varieties of sulphates of lime,) 
fertowft; ;by; the names of compact, fibrous?, 
fdum4ae^fQlwte<£ y specular? .gypsum* Me* 
.. Tth&^cqmbttfaiooilofj iims writ- fluoric 
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acid, or fluates of lime, may be examined in 
the following manner. •' 

Fluates of Lime. The stones belonging 
to this species are composed of lime united 
to fluoric' acid, they are both atnbrphous and 
crystallised. They decrepitate and become 
phosphorescent when exposed to heat$ ex- 
cept the colourless ones, which become 
electric by friction. They are generally 
crystallised in cubes. They are more or 
less transparent, and exhibit various colours, 

* » 

particularly violet, purple, red, yeHdw, > and 
white. They melt before the blbw'-pipe into 
a transparent glass. They take a fine polish 
and are worked into beautiful • va&es, vefc* 
sels, and a variety of ornaments, : The 
stones belonging to this genus are all decom- 
poseable by sulphuric acid, the fluoric acid' 
becomes expelled* and may be knowri by 
the property of dissolving glass ; for that 
purpose let a quantity of the powder be 
moistened with sulphuric acid in a le&den 6r 
pewter vessel; heat the mixture over a 
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lamp, and expose to the acid vapours, a 
plate of glass, which will soon become cor- 
roded. Their phosphorescent property may 
be evinced, by throwing the stone, reduced 
to a coarse powder, upon a shovel, or plate 
of metal, heated so as not to be visible in 
the day. 

Phosphate of Lime, or lime combined 
with phosphoric acid, forms the mineral 
called appatite, phosphorite, or chrysolite. 

This combination of lime sometimes ap- 
pears amorphous and sometimes crystall- 
ed. Its colour is commonly' gray, or 
green, sometimes brown, red, blue, and 
even purple. It is infusible by the blow- 
pipe. It is soluble in muriatic acid, with 
scarcely any effervescence, and the solution 
afterwards becomes gelatinous : when 
scratched with a knife, in the dark, it be- 
comes phosphorescent ; and when laid upon 
red hot coals, it emits a yellowish green 
phosphorescent light. It may be examined 
-thus: 
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Process 1. Digest a determined quan- 
tity of the mineral in five times its quantity 
of muriatic acid, and repeat this operation 
till the fluid acts no more upon the residue, 
decant the fluid, dilute it with water, and 
filter it. 

2. Mingle the muriatic solution with li- 
quid ammonia, collect the precipitate, wash, 
dry, and heat it. 

3. Re-dissolve this precipitate in a suffici- 
ent quantity of nitric acid, and precipitate 
by the addition of sulphuric acid. The whole 
must then be filtered, and the insoluble part 
Washed with as little water as possible. 

4. The filtered fluid must now be evapo- 
rated to the consistence of a syrup. If the 
stone consists of phosphate of lime, the fluid 
thus obtained will be phosphoric acid. That 
it is phosphoric acid may be proved by its 
copious precipitation of lime water, by its 
giving white precipitates with the solution* 
of sulphate of iron and nitrate of mercury, 
and its incapability of precipitating the ni- 
trate, and muriate of barytes. 
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Borate of Lime y or the combination of 
boracic acid with calcareous earth, consti- 
tutes the mineral called boracite. 

This mineral is crystallised in cubes with 
truncated edges and angles; before the 
blow-pipe it froths, emits a greenish light, 
and becomes converted into a yellowish 
enamel. When heated it becomes electric. 
It is more or less semi-transparent ; it has 
mostly a vitreous appearance. It does not 
crackle when suddenly exposed to heat. Its 
specific gravity is about 2.560. It may be 
examined in the following manner. 

Process 1. Digest one part of the mine- 
ral repeatedly in nitric acid by heat, till a 
new addition of acid does not produce any 
further action on the residue. 

2. Decompose the nitric solution by car- 
bonate of soda, and separate the precipitate 
by filtration. 

3. Mingle the solution with sulphuric- 
acid, till the taste of the latter predominates : 
evaporate the fluid to dryness. 

4. Transfer the dry mass into alcohol, 
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digest it by heat, and then evaporate the al- 
coholic solution. If now a salt is left behind, 
which reddens tincture of litmus, and whtch 
tinges the flame of burning alcohol green, 
the subtance examined was borate of lime, 
or boracite. 

ANALYSIS OF ALUMINOUS EARTH. 

Earths and stones belonging to this genus 
may be discriminated by the following gene- 
ral properties : They are almost entirely des- 
titute of transparency ; they exhibit no crys- 
talline or regular shape ; they have mostly a 
dry and opaque appearance, and are destitute 
of vitreous lustre ; they are soft to the touch, 
and all emit a peculiar odour when breath- 
ed upon, known by the name of a clayey 
smell. They are all more or less acted upcrfi 
by acids, but they do not effervesce. They 
are not hard, but their surface may be 
scratched with a knife ; many of them suf- 
fer impressions by the finger-nails, but they 
become very hard after having been expos- 
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.ed to a violent heat. The softer kinds ab- 
sorb water rapidly, and form, when mixed 
with that fluid, a kneadable, tenacious, and 
ductile mass. 

If a substance is found whose appearances 
and properties coincide, or nearly so, with 
the description here given, we have to as- 
certain whether it may properly belong to 
this genus, respecting its predominating 
component parts. 

For that purpose we must proceed in the 
following manner. 

. Process 1. Let one part of the earth, 
or stone, be boiled in sulphuric acid to dry- 
ness ; on the dry mass, pour a fresh portion 
of acid, boil again to dryness, and repeat 
this process for several times. 

2. Affuse upon the mass water acidulated 
with sulphuric acid, digest it for half an 
hour, transfer the mixture upon a filter and 
wash the insoluble residue, by pouring boil- 
ing water over it repeatedly. 
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3. Into this fluid let fell a solution of car- 
bonate of potash, collect the precipitate, 
wash, and dry it. 

4. Transfer the precipitate into acetous 
acid, and digest it in that fluid for one hour ; 
after this let the whole be put upon a filter, 
wash it with a little water, dry it, and ignite 
it for half an hour. If the weight of this 
earth now exceeds one half of the quantity 
of the substance which was examined, it 
then belongs to the aluminous genus. 

ANALYSIS OF EARTHS AND STONES OF 
THE II AGNESIAN GENUS. 

Most of the stones of this genus have al- 
most all a greenish colour : they have, more 
or less a glittering or shining surface, sel- 
dom, if at all, an earthy appearance, but they 
do not adhere to the tongue; they hardly 
ever exhibit a regular crystalline form; they 
do not, or very seldom, effervesce with acids, 
but they are soluble in boiling sulphuric 
acid. Their texture is generally scaly or 
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lamellar : seldom they have an even texture. 
They are only semi-transparent, but in ge- 
neral inclined to opaque. Their substances are 
almost more or less smooth, and soft, or 
rather soapy to the touch : they do not stain 
the fingers, nor do they soften in water like 
the argillaceous genus. They discover no 
clayey smell by breathing upon : they may 
be cut with a knife, or with a machine : 
they do not contract or harden after haying 
been exposed to heat, and are infusible with 
potash. 

Process 1. Let one part of the stone be 
ground to a fine powder, pour over it two 
or three parts of sulphuric acid, diluted with 
half a part of water, boil the mixture to 
dryness, and heat it till no -more white fumes 
rise. 

2. Transfer the dry mass into twice its 
weight of water, digest it in the cold for 
some hours, and then filter it. It yields on 
evaporation^ a crystalline salt of a bitter taste. 
Dissolve it in water. 
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3. Decompose this solution by carbonate 
of potash, dry the precipitate, and heat it ; 
which, if the stone belonged to the magne- 
sian genus, will be the earth called magnesia, 
which may be distinguished from alumine 
by being insoluble in caustic potash, and 
forming bitter salts with sulphuric acid. 

Stones containing magnesia in consider- 
able quantity are : Serpentines, Steatites ot 
Soaprocks, Chlorite, Talcs, Asbestus.- 

ANALYSIS OF STONES OF THE BAKYTIC 

GENUS. 

v. 

The stones belonging to the barytic ge- 
nus, are particularly distinguished by their 
superior specific gravity, in which they ex- 
ceed all other stones and earthy minerals. 
Their specific gravity is' four, or at least 
near to it : exposed to heat they emit a 
phosphorescent light They have a spongy 
appearance : they are less hard than silicious 
stones, and may therefore be scratched with 
a knife. AH substances belonging to this 
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/ geniis may be divided into two general spe- 
cies : the one are totally soluble in diluted 
nitric and muriatic acids (carbonate of ba- 
rytes) the other species belonging to the ge- 
nus which have a spongy appearance, are 
not acted upon by any acid (sulphate of 
barytes. ) 

Carbonate of Barytes. 
Process 1. Dissolve a determinate quan- 
tity of the mineral, in diluted nitric acid, 
and assay a portion of this solution by sul- 
phate of soda ; if a precipitate ensues on 
adding a small quantity of the salt to the so- 
lution of the earth diluted with 24 times its 
bulk of water, we may conclude it belongs 
to the barytic fgenus ; but in order to be 
certain, proceed as follows : 

2. Evaporate the nitric solution to dry- 
ness, and expose it to a white heat in a silver 
crucible ; the earth thus obtained is barytes; 
it is soluble in 20 times its weight of water ; 
and if the solution be evaporated, yields 
crystals of long, four-sided prisms* It sepa- 
rates sulphuric acid from all its combina- 
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tions. If we drop a crystal of this earth into 
p a solution of sulphate of soda, a white preci- 

pitate will instantly ensue. 

The Analysis of Sulphate of Barytes is 
analogous to the examination of sulphate of 
strontia, which shall be noticed in the next 
page. 

ANALYSIS OF STONES OF THE STRONTIAN 

GENUS. 

Of this genus of earth there are likewise 
only two species known at present. In the 
one, the strontian earth is combined with 
carbonic acid ; and in the other it is united 
to sulphuric acid. The first species appears 
in solid masses; it is composed of long 
fibres, adhering to each other, and disposed 
in a radiated manner. Its colour is general- 
ly whitish, and asparagus green, which ap- 
pears deeper towards the centre of the mass. 
When broken, its surface is a litde shining 
in certain directions ; it is brittle, and has a 
little transparency. Its surface can be 
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scratched with a knife : its specific gravity- 
is from 3.4 to 3.66. The solution of 
this earth in nitric or muriatic acid, when 
evaporated to dryness, tinges the flame of 
alcohol, carmine red. 

Sulphate of strontia occurs both amor- 
phous and crystallised, most commonly in 
bevelled tables, sometimes in rhomboidal 
cubes, set edgways in the matrix. Its tex- 
ture is foliated, and more or less transparent. 
The specific gravity of this mineral reaches 
from 3.51 to 3.96. Its colour is most 
commonly reddish, or sky blue, and it is 
sometimes colourless. 

Carbonate of Strontia. 

Process 1. Dissolve a determinate quan- 
tity of the stone supposed to be carbonate of 
strontian in diluted nitric acid, evaporate 
the solution, and suffer it to crystallise ; col- 
lect a portion of these crystals, and, when 
dry, moisten them with alcohol in a silver 
spoon. Set fire to the mixture, and hold it 
while burning over the flame of a candle, 
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and cause a quick and rapid combustion* 
The flame of the alcohol will be tinged 
beautifully red. 

2. Expose the nitrate of strontia to a red 
heat, and obtain the earth from this nitrate in 
a similar manner as directed for obtaining 
barytes. The earth thus obtained should 
amount to more than one half of the stone 
employed. It has the property of tinging 
the flame of alcohol carmine red : in this re- 
spect it differs from barytes. 

Sulphate of Strontia* 

Process 1. Boil one part of sulphate of 
strontia, reduced to an impalpable powder, 
with three or four of carbonate of potash in 
12 of water for about two hours, renewing 
the water as it evaporates, and agitate the 
mixture frequently. 

2. Decant the supernatant fluid, and wash 
the insoluble residue in water. 

3. Transfer this insoluble powder into di- 
luted nitric acid, and effect a solution. 

4. Evaporate the fluid to dryness, and 
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expose it to a white heat : the earth thus, 
obtained is strontian. 

.ANALYSIS QE STONES OF THE GLUCINE' 

GENUS. 

This earth has hitherto been found- only 
in three stones, namely ; in the Aigue- ma- 
rine/ or Beryl, a transparent stone of a green 
colour ; in the Emerald of Peru, a stone of a 
similar colour ; and in the Gadolinite. - 

To obtain the glueine earth from these 
stones, proceed as*follows : 

Process 1. Fuse one part of the stone 
with four of potash as usual, dissolve the al- 
kalihe mass ift water, and filter it. 

2. Drop into the alkaline solution, muri- 
atic acid tiH ho. further precipitate ensues', 
separate the precipitate (which is sitex)from 
the fluid by filtration. 

3. ^Decompose this fluid by adding to it a 
solution of carbonate of potash, and wash 
the precipitate. 

4. Re-dissolve the precipitate in sulphurie 
acid, mingle this solution 'with a small por* 
tion of sulphate of potash, and evaporate the 
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fluid ; the salt which crystallises is. sulphate 
^ of alumine ; separate these crystals, and mix 

the fluid with a solution of carbonate of am- 
monia in excess, filter and boil it, a white 
^ powder gradually falls down, which is glu- 
cine earth. 



ANALYSIS OF STONES OF THE ZIRCON 

GENUS. 

Hitherto this earth has been found only in 
two preecious stones ; namely, the Zircon, 
or Jargon of Ceylon, and the. Hyacinth. The 
uncut zircon exists of various colours, but in 
general the stones from Ceylon are of a 
reddish brown, inclining to a dim smoaky 
gray. They have a greasy gloss, and feel 
unctuous, or smooth to the touch. The 
size of the individual stones is very incon- 
siderable. They resemble small flat peb- 
bles: commonly 20 or 30 of them weigh 
only one dram. This gem is eminently dis- 
tinguished by its specific gravity, which is 
from 4.530 to 4j615. The hyacinth which 
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is also imported from Ceylon is a well known 
gem* Its specific gravity in general, nearly 
agrees with that of the jargon, that is ac- 
cording to its varieties from 4.545 to 4.625: 
the zircon* or jargon, is composed of zircon 
earth, silex, and oxyd of iron. The zircon 
may be examined in the following manner : 
Process 1. Digest the finely pulveris- 
ed mineral, repeatedly in nitro-muriatic acid, 
and wash the residue. 

2. Mingle the solution with liquid am- 
monia, the precipitate which ensues is oxyd 
of iron. 

3. The zircon thus purified from this me- 
tal, must be melted with potash : after the 
mass has fused for 'a few hours, let water 
be poured gradually into the crucible to sof- 
ten the mass ; in order to effect a solution 
add more water/ and transfer the .whole on a 
filter. 

4. Let the filtered solution be saturated 
with sulphuric acid; on evaporating the 
fluid, a white precipitate falls down which is 
silex. 
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5. The insoluble residue which is left on 
the filter, must now be diffused throijgh a 
sufficient quantity of water, and so much 
sulphuric add addfed as is necessary to ef- 
fect a solution by me^ns of heat. 

6. Let the fluid be evaporated until it has 
acquired a considerable degree of concentra- 
tion : it then becomes gelatinous. 

7. When this gelatinous mass is again 
digested with a larger quantity of water, it 
separates into the form of transparent viscid 
grains : these, when collected on a filter, and 
exsiccated, will be found to resemble glassy 
sand. 

8. The dry mass must again be fused 
with potash, dissolved in water, and the in- 
soluble part' separated by the titer. 

& Mingle the solution of the last process 
with sulphuric acid, the precipitate which 
falls down is silex. 

10. The insoluble residue left in process 
D. must then be dissolved in sulphuric acid, 
arid mixed with the solution before obtained. 
On adding to this fluid carbonate of potash, 
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a precipitate falls down, which, after having 
beein ignited, is zircon earth in its pute 
state. 

The hyacinth may be examined in a simi- 
lar manner. 

» . * 

ANALYSTS OF THE: STOKE CONTAINING 

YTTRIA* 

The earth, called ' yttria is found only in a 
fossil called ytterby or gadolinite. The co- 
lour of this mineral is black, and its fracture 
exactly like that of glass* It is magnetic, 
and soft enough to be scratched with a 
knife, and often even by the nail Its spe- 
cific gravity is 4,0497. In this mineral yttria 
exists, combined with oxyds of iron and 
manganese, alittfe lime, and a considerable 
quantity of-sikx. 

The analysis of this mineral may be con- 
ducted in the following manner'; 

Process 1. Let the fossil be repeatedly 
digested in muriatic acid- The insoluble 
residue consists of sifex. 
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2^ Decompose this muriatic solution by 
•liquid ammonia, collect the precipitate,, boil 
it in a solution of potash, and filter' the fiukL 

3. Dissolve the insbkible xeskhife of .the 
last process in diluted sulphuric acid, eva- 
porate the solution to dryness, ignite, and 
re-dissolve it in water ;.; a ; precipitate falls 
down, which must be separated by the filter. 

4. The filtered solution, when mingled 
with liquid ammonia, yields a. precipitate 

which: fe yttria. 

. . . , . . 

AUALXB1SQV THE STON E xio» TAINItfG 

AUGVSTLNlh ;i. 

• »» » • 

» * • 

Th<& ocwly-discovered earth is said to-ex- 
MJiv^ Sa3coi> Beryl, or Beryl of >tl>e me* 
uUifetous mountains of Geotgum Stadt; a 
mineral greatly resembling. thfr'Beryl of Si- 
beria ; but as this earth has "hitherto been 
only found :by pressor Trotnsdfcrf, the ex* 
ktence of it as a pet uiiar earth must stiH re- 
main doubtful, till)the conoiw^ion^ of r ks 
discoverer be confimfed ;by other 'phifateQ*- 
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pfeersi The. analysis of the .BeryLwascon* 
ducted by Tromsckrf in the following man- 
ner; 

Process 1. The Beryl submitted to ex- 
amtnatioft was boiled with potash, the roix* 
ture evapoitatol, and then fused- in at silver 
crucible. , 

2. The mass was softened with water, and 
dissolved in muriatic acid* 
. ' 3. The obtained solution wasi evaporated 
to dryness, re-dissolved in water, and* filter- 
ed ;, the insoluble pact consisted i of silex^. 
; 4* The solution was precipitated- with 
soda, washed, dried, and boiled in a solution 
of caustid potash* 

5. The insoluble part of the last jpnocess 
consisted of the new earth : 100 grains of the 
above mineral yielded by thi6 analysis j 15.0 
silex ; 4.5 alumine ; and 73.0 augustinel 

GE.HERAL ANALYSIS. OF EARTfTS AND 

STONES. 

In the preceding pages we have' con- 
sidered earths and stones solely with a view 
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to discover their principal prevalent compo- 
nent parts, in order, .to determine tWetefrom 
the genus to which the mineral belongs; we 
shall now enlarge upon this subject more 
fully, by pointing, out some general observa- 
tions, which may serve as a guide for sepa- 
rating all the different earths that may exist 
in a mineral submitted to our examination. 
In the analysis of earthy substances, or 
stones, we must first attend to their solubili- 
ty or insolubility in acids, and with that view 
we divide them into two classes, namely, 
earths and stones, which effervesce with, and 
are either totally or nearly soluble in nitric 
acid, diluted with five or six times its weight 
of water ; and such as are not soluble in that 
acid. Suppose therefore that the stone to be 
examined consisted of silex, alumine, mag- 
nesia, lime, strontia, and barytes. 

The method of separating these different 
earths will become obvious from the follow- 
ing considerations : 

Process 1. Reduce a quantity of the 
mineral to powder, and try whether it effer- 
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vesces with nitric or muriatic acid, diluted 
in the above proportions ; if so, let a .deter- 
minate quantity be put into a tubulated re- 
tort of as little capacity as possible, immerse 
the neck of it under a cylinder filled with 
water, and placed in the pneumatic appa- 
ratus. 

2. Let a quantity of muriatic acid be put 
at once through the tubulure, or opening at 
the top of the retort, and immediately stop 
it, so as to be air tight 

3. When no more gas is liberated by the 
addition of a fresh portion of acid, assist the 
action by heat, and transfer the cylinder con- 
taining the gass into lime water, the carbonic 
acid will now be absorbed ; the loss of the 
whole bulk, after deducting the air which 
was contained in the retort, indicates the 
quantity of carbonic acid contained in the 
stone. 

4. The substance from which the carbo- 
niq aeid has been expelled, must be diluted 
with double its weight of water, and filtered > 
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the insoluble part, if any, put aside for fur- 
ther examination. The solution may contain 
lime, magnesia, alumine, barytes, and stron- 
tia. 

5. In order to ascertain if barytes or stron- 
tia be present, dilute a small portion of die 
solution with 24 times its bulk of water, and 
drop into it a solution of sulphate of soda; If 
barytes or strontia (or both) be present, a 
cloudiness will take place, and a white pre-" 
cipitate will gradually be deposited 

6. Having thus investigated the presence 
or absence of these earths, our next object 
is to separate them. Suppose they should 
both be contained in the fluid? For that 
purpose add a solution of sulphate of soda 
till it produces no further cloudiness ; when 
the precipitate has subsided, cdfectitron a 
filter; wash and dry it 

7. Boil this precipitate, with four times 
its weight of cartx>nate of potash, in a suffi- 
cient quantity of water ibr atleast one hottf*, 1 
supplying thi&Buid as it evaporates, then suf- 
fer the insoluble part to subside, and wash it. 
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B., Transfey the inpoluMe part df the list 
priteeps into, nitric* acki, !of the -specific gra- 
vity iApi cW»tfcd with dn f equal weight of 
water. The eafbpnaift of • stroatiar which it 
contained will be dissolved, but the barytas 
will not be ac,Ded upoa; the, . wtigfate . of the 
hMti deducted from' the weight . of the 
whole, gives the quantity of each* or thei 
two- may be separated by, adding to the: &jb- 
trie jsolufcdn*. bai^^ nt> .farther 

precipitate ensues ; the . baiytes iri this easer 
will seize the acid* and. the stroatiarftdillbe 
thitown down; but in: this case it is&senttab 
that the .nitric solution of the: earth . is peiv 
fectly neutral, or .has no, excess* d£ acid; 

. & jJEJbe sfcrorifcia and bar^tes /being thufc 
separate heat i the jtoid, and drop* inton i t ar 
briting? ^tdatk>nJof» oarbttiatei of sod£<? tKd 
peecip^tatfc iYrtucfc fttts^fefoi^niay: consist iof 
all the remaining earths which were contain 
in tteadutiois? wxtefy ;lime; rnfagnefein/dnd 
alanine* ht drier tp>J separate  them r proi> 

ce&LTBifcHojSVgJJ r::. 1- — • oT /;•'•. • -..\ ,.'-; 
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10. Boil the precipitate in a solution of 
caustic potash for at least half an hour, di- 
lute the fluid with water, and -separate the 
insoluble part by the filter, the aknnine will 
now be dissolved by the potash, and the 
other earths remain untouched,  ' 

11. To separate the akimine, neutralize 
the alkaline solution by muriatic add, a pre* 
cipitate falls down, wash it, and expose it to 
a red heat It is the alumine which was con- 
tained in the mineral. 

12. To separate the other earths, dissolve 
the residue of process 10, in nkric or muria- 
tic acid, evaporate the solution to dryness, 
weigh the dry mass, and pour on it at least 
double its weight of sulphuric add, and hfeai 
the mixture till no more white fumes ri^e* 
Digest the mass in twice its weight of cold 
water, filter it, and dry the insoluble part v^ 
a low red heat '".-•,;.•.. 

13. The insoluble portion of the last pro* 
cess contains the lime, cofnbinefcl with sul- 
phuric acid* To ascertain ks quantity , ide- 
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duct from its weight 59' per cent ; the re- 
mainder is the quantity of lime. 

14. To obtain the magnesia, concen- 
trate the fluid obtained in the 12th process 
to one third of its, original bulk ; make it 
boiling hot, and decompose it by a solution; 
of carbonate of potash,, collect the precipitate, 
expose it'to.a red heat till it does not effer« 
vescc bjrthe addition of an acid. It will 
then be the pure magnesia contained in the 
mineral. . : ;.: - . > 

Stories insoluble in diluted mtrief and) 
muriatic adds* 

! PfiocKss I. Take a determinate quantity 
of the stone reduced to an impalpable powder,; 
mix it with at least three times its weight of 
potash, and fuse the mass thoroughly in a 
silver or platina crucible. From the pheno*. 
mena which take place during this process,, 
we may already form some conjecture 
concerning the nature of the stone sub- 
mitted to examination. If the mass fuses 
completely, silicious earth predominates; 
but if the fusion remains imperfect, and 
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the mass cannot be rendered liquid, the 
other earths are most .abundant; ' If it re- 
mains in a powdery form, arid cah partly 
be rendered liquid, and. if the bulk of the 
mass has been considerably incfeased, then 
akimine may be expected to b^ the most 
prevalent part . If the mass in the crucible 
be of a brownish red colour, it contains 
OXyd of iron: a bright green colour, an- 
nounces die presence of manganese,. espeU 
cially if a small quantity of the mass*, when 
dissolved* in ' watery Gbmtttthioaite&< ta that 
fluid the same colour. If the mass iaoft a 
yellowish gEcen* the : oxydi of cfcrome jraay be 
present* 

2. When, the mass has been thoroughly 
fused or kept in a red heat for at least two 
hours, remove the crucible: out of the fire* 
and when nearly cold, pour water into it 
gradually, in order to detach the mass from 
the crucible ; transfer the whole into a flask, 
pour four times its quantity or more of water 
over it ; boil the mixture for about half an 
hour, and then suffer it to subside* 
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. .3. Harongidone this, pour, gradually M- 
riatic acidinto the ^before • obtained solution, 
without previously separating the insoluble 
part, 1 if any. . Theifirat portion of acid which 
is acjded occasions a rflocpuknt -precipitate, 
then an efcrvescitmcc .tiios , place, and a 
copious precipitate immediately follows, 
Which ^however is bo sooner formed, .than 
it is undissolved* ; On adding more acid 
the portion of the- mass, which resisted the 
action of water, and which was not dbaftlv? 
ed in process 2, arili become dissolved* If 
it consists of aluinme, it will be taken up 
silently by the acid; if it .be lime, baryfeg* 
orstnontia: it will be dissolved with iefierves- 
cence. . : ' . 

* Rem a r k . From the phenomena attending 
the process of the sotejion of this mass in 
muriatic add* someuftcfications -may be dep- 
rived. . If the 'ablution \ be colourless, the 
atone containsmo. metallic: substance, or only 
a minute 1 quantity. If its dolour be purplish 
red, kboritams manganese.: orange red ist<& 
sigh pf obtyd o£ inm: gtf Id ycdtoVr ishowp 
chrome. 
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4. To separate the different earths, &c. 
contained in the solution, evaporate it to dry- 
ness ; when the evappration is approaching 
towards its completion, it assumes a gela- 
tinous appearance, it must .then be deligent. 
ly stirred with a glass rod till it is almost 
drv. ..•!." 

5. Transfer the mass into a large quan- 
tity of watery boil the mixture for a few -mi- 
nutes, and then filter it, wash the insoluble 
residue left on the filter repeatedly, dry k 
and expose it to a red heat, its weight shows 
the quantity of silex contained in the stone. 
If it is pure silex, it will be perfectly white, 
entirely insoluble in sulphuric, nitric, and 
muriatic acids. If it be coloured, it is con-, 
t^minated with some metallic oxyd^ and 
shows that the evaporation to dryness has 
been performed with too much heat From 
the metallic oxyd, it may be purified by di- 
gestion in muriatic acid, and then washed, 
and dried as before. The acid expended 
in washing may.be adcfcd to the fluid which 
passed through the filter in obtaining this 
earth. 
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6. The fluid from which the silex has 
thus been obtained, is then to be concen- 
trated by evaporation, and mingled with a 
heated solution of carbonate of potash, till 
no more precipitate ensues. The precipi- 
tate must be separated by the filter, wash- 
ed, and dried. It may contain, alumine, 
lime, magnesia, glucine, and yttria, besides 
metallic oxyds. 

7. Transfer the precipitate obtained in 
the last process into a solution of potash, 
and boil it for half an hour. If alumine and 
glucine were present, they will both be 
dissolved in the potash, while the other sub- 
stances remain untouched in the form of a 
powder. 

8. To separate the alumine decompose 
the solution, by the addition of an acid, tak- 
ing care to add the acid employed in ex- 
cess, so that the precipitate which first ap- 
peared becomes re-dissolved. Having done 
this, drop into it a solution of carbonate of 
afomonia, in such quantity that the liquid 
tastes of it. By this addition the whole of 

R 
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the alnmine w#l be precipitated in white 
flakes, apd the glucine will remain dissolved, 
provided the quantity pf carbonate of am- 
monia used be not too small* The liquid 
must now be filtered, and the alumiqe 
Washed, dried, and ignited : its weight m^y 
then be ascertained. 

9. The fluid from which the alumiae has 
been separated, may be boiled for some 
time : the glucine, if it contains any, will 
be precipitated, which m?y be dried, and 
weighed. 

10. The insoluble part left in process 7, 
may now contain lime, magnesia, and some 
metallic oxyd ; let it be dissolved in diluted 
sulphuric acid, and the solution evaporated 
to dryness ; on the dry mass, pour a small 
quantity of w^ter, and digest it for a few 
minutes, the water will dissolve the sulphate 
of magnesia, and the utetallac sulphates; 
U# the lime combined with the sulphuric 
acid will remain undissolved ; let it be heat- 
ed red hot in acruc&Ie, ^d the quantity of 
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Hme determined, as directed before, page 
143. 

Remark. Ifyttriabe suspected, let the 
residuum of process 7, be treated with car- 
bonate of ammonia, which wffl dissolve the 
yttria, and leave the other bodied } then pro- 
ceed as above. 

11. The solution from which the lime 
has been separated must next be copiously 
diluted wi(ft water ; add a small excess of 
acid, and then cfrop into it a soltitioft of eatf- 
botrate of potash as long as a precipitate ett- 
sues. This wifi separate the oxydfc of irGrt, 
chrome, and nickd ; b&t the oXfd- of ttteft- 
ganese, att# the* if&gft*8i&, if any be present, 
will remain dissolved, 

13. To separate th* &m& <rf* nmgm&, 
from magnesia, poor kfto the fterid obtained 
in the last process, hidro-sulphueet of pot- 
ash: the manganese wHi be prtcipitated, 
but the magnesia wiH remain dissolved. The 
precipitated manganese must be hfcSted' to 
redness, and weighed. 
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IS. To the fluid of the last process from 
which the manganese has been separated, 
add a solution of potash , the precipitate 
which now falls down is magnesia : let it 
be washed, dried, and heated to redness. 

14. In order to obtain the metallic oxyds, 
boil the insoluble residue left in process 11, 
repeatedly in nitric acid to dryness. 

15. Transfer the diy mass into a concen- 
trated solution of potash. The oxyd of 
chrome acidified in the last process, will 
thus unite to the potash, but the other oxyds 
will remain untouched ; decant the fluid 
from the insoluble residue. 

16. To separate the oxyd of chrome, add 
to the solution muriatic acid in excess, and 
evaporate the fluid till it assumes a green 
colour ; then on adding a solution of pot* 
ash, the oxyd of chrome falls down, because 
the quantity of oxygen required for its aci- 
dification has been separated by the muri- 
atic acid, let the precipitate be dried and 
weighed. 



•m*. 



ANALYSIS Ol? SOILS. * 97 

17. Let the insoluble residue of process 
14, be next dissolved in muriatic acid, and 
to the solution add liquid ammonia in con- 
siderable excess : the oxyd of iron will be 
precipitated : let it be washed, dried, and 
weighed. ' 

18. The oxyd of nickel which remained 
in solution, on account of the excess of am- 
monia, will now fall down : on evaporating 
the fluid to dryness, its weight may be as- 
certained in the same manner with the other 
ingredients, and the analysis of the stone is 
now completed. 

ANALYSIS OF SOILS. 

In the preceding pages- it has been endea- 
voured to exhibit a view of analysing earths 
and stones, as constituting particular genera, 
and species ; we shall now consider the me- 
thod of analysing soils. For the best me- 
thods of doing this, we are wholly indebted 
to Kirwan, from whose essay on philosophi- 
cal agriculture, entitled " The manures 
most advantageously applicable to the van- 
it 2 
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ous sorts of soils, &a" the following lines 
have been transcribed. 

Land considered as the basis of vegeta* 
tion, is called soil. Soils consist of different 
combinations of earths, intermingled with a 
portion of animal and vegetable matter. Its 
composition may be determined in the fol- 
lowing manner : 

Process 1. In dry weather, in the spring* 
when the soil is not over moist nor dry, let 
a surface of 16 square inches be cut through 
to the depth of 8 inches ; by a. right angled 
spade, formed for this particular purpose; 
Of the parallelopiped thus dug up, the two 
inches next the surface should be cut off, to 
get rid of the grassland the greater part of 
the roots ; we shall then have a solid, six 
inches long, and 16 square at the end = 96 
cubic inches* Let this be weighed; its 
weight will serve to find the specific gravity 
of the soil ; for if 96 cubic inches weigh n 
pounds, 1728 (a cubic foot), should weigh 
a? pounds, and or divided by 75,954 will 
express by the quotient the specific gravity 



of the soil To rendfer this and the subse- 
quent- operations more- intelligible, I shall 
iHusftate each by an example : Suppose the 
96 cubic inches to weigh 6,66 pounds, then 
1728 cubic inches should weigh 1201b. and 

120 

a* 1.579. 

75-954 

2. The earth being weighed,, is next to 
be broken down and freed from, all stony 
substances above the size of a pippin, and 
the remainder well mixed together, to ren* 
der the whole as homogenous as possible r 
then weigh the stones that were picked out* 
and find the proportion belonging to each 
pound of the residuary earth; call this the 
stony supplement,, and denote it by SL 
Thus if the stones weigh 1 lb. = 12 ozs, the 
remainder or mere earth, must weigh 5.661b. 
and if to 5.66 lb. there belong 12.ozs. of 
stone, to lib. must belong. 2. 1201 4 ozs. ot 
2ozs. 57.66 grains = 1017.66 grs. This 
then is the stony supplement of each- suc- 
ceeding pound » S. 
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. 3. Of the earth thus freed from stony 
matter, take lib. — <£. (that is the above 
case 1 lb. — 2 oz. 57 two-thirds grs.) heat it 
nearly to redness in a flat vessel, often stir- 
ring it for half an hour, and weigh it again 
when cold. Its loss of weight will indicate 
the quantity of water contained in 1 lb; of 
the soil. Note this loss, and call it the wa- 
tery supplement = W. Suppose it in this 
case 100 grains. 

4. Take another pound of the above mass 
freed, from stones, deducting the stony and 
watery supplements ; that is 1 lb. — S= — W. 
or in the above case lib. — & 02s. 57^ grs. 
for stone, and — 100 grains for water , con- 
sequently lib. — 2ozs. 1574. grs. reduce it 
to powder : boil it in four times its weight 
of distilled water for half an hour; when 
cool, pour it off, first into a coarse linen fil- 
ter to catch the fibrous particles of roots, 
and then through paper, to catch the finer 
clayey particles diffused through it : set by 
the clear water, add what remains on the 
filter to the boiled mass : if it be insipid, as 
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I suppose it to be, then weigh the fibrous 
matter, and call it the fibrous supplement 
= F. Suppose it in the example in hand 
to weigh 10 grs. 

5. Take two other pounds of the mass 
freed from stony matter, No. 2, subtracting 
from them the weight of the stony, watery, 
and fibrous substances already found ; that 
is, 21b. — 2 S — 2 W — 2 F; pour twice their 
weight of warm distilled water on them, and 
let them stand twenty-four hours or longer; 
that is, until the water has acquired a colour, 
then pour it off and add more water as long 
as it changes colour ; afterwards filter the 
coloured water and evaporate it to a pint or 
half pint; set it in a cool place for three 
days, then take out the saline matter, if any 
be found, and set it by. 

& Examine the liquor out of which the 
salts have been taken ; if it does not effer- 
vesce with muriatic acid, evaporate it to 
dryness, and weigh the residuum ; if it does 
effervesce with acids, saturate it with the 
sulphuric or muriatic and evaporate it to 
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one-fourth of the whole; when' cool, take 
out the saline residuum, evaporate the re- 
mainder to dryness, and weigh it : this gives 
the coaly matter, which may be tried by 
projecting it on melted nitrate of potash 
with which it wiH deflagrate. (See analysis 
of coals. ) The half of this coaly matter call 
the coaly supplement of 1 lb. I shall sup- 
pose it to amount to 12 grs~ and denote it 
byC. 

7. The filtered water, process 4, » next 
to be gently evaporated to nearly one pint, 
and then suffered to rest for three days in a 
cool place, that it may deposit its saline con- 
tents, if it contains any ; and these being 
taken out, the remainder must be evaporat- 
ed nearly to dryness, and its saline matter 
examined. How this should be done, I shall 
not mention* the methods being too various, 
tedious, and of too little consequence ; few 
salts occur except gypsum, which is easily 
distinguished. The water may be examin. 
ed as to its saline contents when* it is evapo- 
rated to a pint ; according to the rules to be 
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mentioned hereafter. If any salts be found, 
call them the wline supplement, and denote 
them by 8. I shall suppose them here =4 
grains,' 

8* We now return to the boiled earthy 
residuum, process 4, which we shall sup- 
pose fully freed from its saline matter ; as, 
if it be not, k may be easily rendered so, 
by adding more hot water : let it then be 
dried as in process 3, is mentioned. Of 
this earthy matter thus dried, weigh off one 
ounce, deducting one twelfth part of each 
of die supplements, S. W. F. C. and *S" 5 
that is, in this case 
1017,66 100 10 

1 +84,405 =8,333 +—«= 
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12 12 12 

12 4 

8,333 + — «= 1 + — «0,3333=95grs. in all 

12 12 

—then 408 — 95 = 385 grains mil 'remain, 
and represent &e mere -earthy matter in an 
ounce of the soil. 
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9. Let this remainder be gradually thrown 
into a Florence flask, holding one and an 
half as much nitric acid as the earth weighs, 
and also diluted with its own weight of 
water ; the next day the flask with its con- 
tents being again weighed, the difference 
between the weights of the ingredients and 
the weights now found, will express the 
quantity of air that escaped during the solu- 
tion. .Thus in the above case, the earth 
weighing' 385 grains, the acid 577.5 grains, 
arid the water 577.5 grains, in all 1540 
grains, the weight after solution should also 
be 1540, if nothing escaped; but if the soil 
contains calcareous matter, a loss will al- 
ways, -bp found after solution. ; Let us sup- 
pose it amounts to 60 grains. 

The weight of air that escaped, furnishes 
US with one. method of estimating the quan- 
tity of calcareous matter contained in the 
earth assayed ; for carbonate of lime con- 
tains 40 per cent, of carbonic acid; then if 
40 parts of carbonic acid indicate lOOof cal- 
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careous matter, 60 parts carbonic acid will 
indicate 150. 

10. The solution is then to be carefully 
poured off, and the undissolved mass washed 
and shaken in. distilled water; the whole 
thrown on a filter, and washed as long as 
the water that passes through has any taste. 
The contents of this water should be preci- 
pitated by a solution of carbonate of potash : 
this precipitate also being washed and dried 
in a heat below redness, should then be 
weighed. Thus we have another method 
of finding the weight of the calcareous mat- 
ter. 

1 1. The undissolved mass is next to be 
dried in the heat already mentioned, and the 
difference between its weight and the weight 
of the whole earthy mass before solution 
should be noted, as it furnishes a third me- 
thod of discovering the weight of the calca- 
reous matter of which it is now deprived. 
Supposing this to amount to 150 grains, the 

s 
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weight of the undissolved residuum should 
in the above case be 383 — 150=235 grains. • 
12, Reduce the dried mass into die finest 
powder, throw it into a Florence flask and 
pour on it three times its weight of sulphu- 
ric acid, digest it in a strong: sand heat, and 
at last raise the heat so as to make the acid 
boil; afterwards let k evaporate nearly to 
dryness : when cold, pour on it gradually 
six or eight times its weight of distilled 
water, and, after some hours, pour off the 
solution on a filter : the filter should previ- 
ously be weighed, the substance found on 
the filter being weighed (subtracting the 
weight of the filter) gives the quantity of si- 
licious matter; and this weight subtracted 
from that of the dried mass, gives that of the 
clay. In this case I will suppose the silici- 
ous mass to weigh 140 grains, then the clay 
should weigh 95 grains. 
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Then the composition of one pound of 

the soil is as follows : 

Stony matter 1017.66 

Water .------ 100 

Fibres of roots .... 10 

Soluble coal -. - - - - 12 

Saline matter .--_-- 4 

Silex .... 140X12=1680 

Cfajr - - - - 95xl2~=114L> 

L Calcareous earth - 15OX12«180Q 



TT 



5763.66. 



'".(  



"Stony, matter 18 
Fine silicious 29. 



i    1 * 



47 



Amelia centesi- I Clay 
raal proportion 






Calcareous earth 



22 
31 



100 



Its retentive power is 82.25 : rhence I 
should judge it to be unfertile in this cli- 
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mate, unless situated on a declivity, with 
an unimpeded fall. It may be called a 
clayey loam. 

Mr. Young discovered a remarkable cir- 
cumstance attendant on fertile soils { he 
found that equal weights of different soils, 
being dried and reduced to powder, afforded 
quantities of air by distillation somewhat cor- 
responding to die ratios of their values. 
This air Was a mixture of carbonic acid and 
hydrogen gas, both proceeding most proba- 
bly, from the decomposition of water by the 
coaly matter in the soil. The distillation 
should be made from a glass retort He 
found an ounce of dry soil, value five shil- 
lings, produced ten ounce measures ; 
Of value of from 5 to 12s. produced 28 oz. 

12—20 42 

above 20 ,66 

This appears to be a good method of esti- 
mating the proportion of coaly matter in soils 
that are in full heart, that is, not exhausted, 
and freed from roots, &c. Another mark 
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of the goodness of a soil is the length of the 
roots of wheat growing in it : for these are 
in an inverse proportion to each other, as, if 
the land be poor, the wheat will extend its 
roots to a great distance in quest of food; 
whereas, if it be rich, they will not extend 
above five or six inches ; but of these and 
some other empyrical marks, I shall say no 
more, as they do not tell us the defects of 
the soils. 
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MINERAL. OR NATIVE SALTS. 



BY the name of mineral or native salts 
we understand strictly speaking, all those 
mineral substances which are found in nature, 
consisting of an earthy, metallic, or alkaline 
base, conbined with an acid. They naturally 
divide themselves into several genera, name- 
ly; calcareous salts, comprehending the com* 
bination of calcareous earth, with different 
acids ; such as carbonates, sulphates, phos- 
phates, fluates, and borates of lime. B^rytic 
salts, comprehending the combinations of 
barytic earth, with sulphuric, and carbonic 
acids, strontian salts, or strontian earth, united 
to the same acids, &c Most of these have 
been considered under the class of ones, 
earths, and stones. We have therefore to 
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consider hete merely, the combination of 
alkalies with acids, which in part, usually 
are called mineral salts ; fqr. they possess 
the properties of saline bodies in, a more 
striking  degree ; and with ' that view , we 
shall point out the method of ascertaining 
whether an unknown mitral, . . contains 
some saline matter, or not ; and to what 
species of salt it property , belongs. 
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GENERAL ANALYSIS OF NATIVE OH MI- 
NERAL SALTS* . r. 

• ► • r 

I: i. : . . ' • . ,.•.'■ 

• .Process 1. In order to investigate whe- 
ther an : unknown mineral contains soinQ 
saline matter, put a determinate quantity. r$-> 
duced to an impalpable powder, 'into a 
flask, pour over it 40 times its weight of 
water, digest the mixture in a temperature 
of about 130°, and agitate it frequently. 
Having stood for about six hours, decant 
the transparent fluid, separate . the insoluble 
part^by pouring it on a filter, whose weight; 
is known ; dry it in a heat not exceeding 
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5212°, and ascertain its weight If the weight 
be considerably less than the joint weight 
of the filter and powder, before digestion, 
we are certain that some salt has been 
taken up by the Watef ? the deficiency of 
weight will indicate its quantity. Being 
thus convinced, that ttife substance under 
examination, belongs to the class of min- 
erals, properly called salts : we have next 
to find out the nature of it, more accurate- 
ly, in the following mahnei*: 

2. Drop into a wme-glass full of the 
solution, obtained by digesting the mineral 
in water as directed before, a few tfrops of 
tincture of litmus, or immerse into it a piece 
of litmus paper, and notice if the blue colour 
of the tincture, or of the paper becomes al- 
tered, or not. 

If the paper becotnes red, the fluid con- 
tains an uncombined acid, or a salt with 
excess of acid. In order to ascertain the 
nature of this acid which is present, drop 
into the solution muriate of barytes, if aa 
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insoluble precipitate ensues, sulphuric acid 
is present. But if the precipitate is solu- 
ble in muriatic acid, phosphoric acid may be 
expected. If nitrate of silver occasions a 
precipitate, muriatic salts, or muriatic acid 
was present. 

3. If water that has been suffered to^aCti 
011 a saline substance, changes the yellow; 
colour of turmeric paper brown, it contains 
ah alkaline substance, and the salt belongs 
to the class of alkaline salts.. <' 

.4. f If a substance is found not to change 
the colour of the .turmeric brown,' or that of 
litmus red, and if it does not effervesce on 
the addition of an alkali, the salt is then dis- 
tinguished to be a neutral, or compound 
salt composed of an. acid, and a. certain 
base ; we have therefore to determine the; 
nature of the base, that is to say, to find 
out whether the salt has a metallic, earthy, 
or an alkali for its baas. This may be ac- 
complished in the following manner : 
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ANALYSIS OF SALTS WITH METALLIC 

BASES. 

Process 1» Drop into the solution ob- 
tained as in the last process, a few drops 
of prussiate of potash, if a copious Hue 
precipitate ensues, it then contains metallic 
parts, and belongs to the salts called metallic 
salts. 

. 2. To ascertain the genus to which it 
belongs, by determining thi acid, by which 
its boras is netttrahied ;. for: this end, live 
add to a little of die saturated saiine solu- 
tion, an equal portion of alcohol ; if this oc- 
casions the salt to precipitate, and if a few 
drops of muriate of barytes, added to a little 
of the dissolved salt, occasion a copious 
precipitate, we know that the acid present 
is sulphuric acid, and that the salt belongs 
to the genus called sulphates* 

3. To determine the metallic oxyd, with 
which. die acid was combined, we add to it 
first a solution of carbonate of ammonia ; if 
this occasions a blue precipitate, which is 
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redissolved by an excess of ammonia, add 
an acid, a little in excess ; we then immeree 
into it a cylinder of iron, and suffer it to 

stand undisturbed for some davs. If the 

* 

iron cylinder becomes covered with a coat 
of copper, we then have found that the salt 
had copper for its basis, and therefore be* 
longed to that species which is called sul- 
phate of copper. 

4. But if these phenomena are ,not per- 
ceived, we let fail into the solution a few 
drops of prussiate of potash. If this pro-: 
duces a blue precipitate, the basis is then 
supposed to be iron, and in this case it must 
also occasion a black colour when mixed 
with a tincture of galls. If such a pheno- 
menon takes place, the salt belongs to that 
species of salts catted sulphate of iron. 

5. If neither of these phenomena ensue, 
and the fluid exhibits a rose colour, we add 
a few drops of titicttjre of galls ; if this occa- 
sions a blue precipitate, and a precipitate is 
also produced by the addition of potash, 
which when (used with borax before die 
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blow-pipe, produces a blue glass, we then 
have ascertained the basis of the salt, to be 
cobalt, and this with sulphuric acid before 
detected, makes it to be that species called 
sulphate of cobalt. 

6. But if neither of these marks should be 
perceived, we place a polished cylinder of 
copper into the concentrated solution ; and 
if this occasions a white metallic precipitate 
upon the surface of the copper cylinder, 
which can be volatilized again by exposing 
the cylinder to heat, we then know the basis 
to be mercury ; having ascertained the princi- 
pal component part of the salt, which is dis- 
tinguished by the name of sulphate qfmer- 
cifry. 

7. But if tl^e fluid should not prove any 
of these mentioned properties of mixture, 
and if it yields a white salt on evaporation, 
if prussiate of potash added to it, produces 
a greenish white precipitate, and if a cylin- 
der of iron, and copper when placed in the 
solution, occasion no precipitate, we then 
suppose the substance to be die species call- 
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ed sulphite of zinc. These are the prih; 
cipal metallic saits^ hitherto found in die 
earth. 

• * w t 

AHALrYSJS OF SALTS WITH ALKALINE 
-_ . • ; JBiASES. •*' 

Pkqc e s s I. If a solution of salt in which 
pruaslate of potash does not .occasion a blue 
precipitate; the sate: is of a different nature 
from those mentioned before- We have 
then to find out its composition,' by adding 
to it a solution of carbonate of pptash, s or 
soda. If this occasions no precipitate^ the 
salt then probably belongs to the 'neutral 
salts, with alkaline bases. It may however 
happen, that; salts of that kind exist in the 
solution, associated with salts of a metallic 
or earthy base. In this case the examina- 
tion becomes difficult ; because the alkali 
added, which acts sp the re-agent ta precipi- 
tate this two. last, makes it doubtful to asw 
certakr whether |fce neutral salts were form* 
ed during the process, or whether they on- 

T 
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ginally existed in the solution. The fol- 
lowing method, recommended by Mr. Hen- 
ry, will in that case prove useful. 

2. Precipitate the metallic oxyd, by add- 
ing to the solution prussiate of atmfcortia, 
and separate the earth, by adding to it a so- 
lution of carbonate of ammonia, taking care 
to hare previously heated the fluid to at least 
180°, or upwards, in order to insure the de- 
composition of magnesia salts, which can- 
not be effected by carbonate of ammonia m 
the col A  Separate the liquor by filtration, 
and evaporate it to dryness; then expose 
die dry mass to a dull red heat, in order to 
expel the ammoniacal salts. The salts, with 
fixed alkaline bases, will remain behind. By 
this prdeess, indeed it will be impossible to 
ascertain ^vhether^mmoniacal sate were ori- 
ginally present ; but this may be learned by 
adding to the salt undfcr examination, before 
ils solution in water, sqme potash, which, 
if ammonia be contained in the &fe> *4H 
produce its peculiar odour '; and if it preci- 
pitates a soWtion of platina, tl>e salt in that 
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case belongs to the class erf* salts called am- 
maniacal salts* 

3. In order to ascertain the acid with 
which the ammonia is combined, we mingle 
a 1 solution of the salt with lime-water. If a 
precipitate ensues, which on adding a few 
drops of muriatic acid* again becomes dis- 
solved with effervescence, the salt belonged 
to the class of salts, called carbonate of am- 
monia. 

4* If on the contrary no such effects take 
place, but a copious precipitate ensues an 
adding to the solution a few drops of mu- 
riate of barytes, we then conclude that the 
salts is sulphate qf ammonia. 

5. But if neither of these changes ensue, 
we drop into the solution a few drops of suK 
phate of silver ; if this produces an insoluble 
white precipitate, the salts consist of muriatic 
acid and ammonia,, and is consequently mu- 
riate of ammonia. 

6. But suppose ammonia did not enter 
into the composition of the salt, and had not 
been detected as stated before, but another 
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alkaline basis was present ; we then add to 
the solution of the salt in water, a little tar- 
tareous acid: if a turbidness ensues, the 
basis of the salt is potash, and the salt of 
course belongs to the class of salts with a 
bads of vegetable alkali ; but if no such ef- 
fect takes place, we conclude that the basis 
of the salt is soda, and that it belongs to the 
class of salts, with a basis of the mineral 
alkali* 

7. If a little of the salt, when mixed with 
charcoal powder, and thrown into an ignited 
crucible deflagrates, we know that nitric 
acid is present, and that it belongs to the 
class of salts called nitrates. 

The presence of other acids may be de- 
tected as stated before* 

analysis of salts with earthy 

bases- 
Process 1. If a solution of salt in which 
prussiate of potash occasions no precipitate, 
affords a copious precipitate by the addition 
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of carbonate of potash, it proves that the salt 
has an earth for its basis, and consequently 
belongs to the class of earth/ salts. 

2. In order to ascertain the acid which is 
combined with the earth, we proceed as di- 
rected before, in the preceding pagfcs. 

3. We next endeavour to ascertain the 
earths : if we find that the precipitate is so- 
luble in sulphuric acid, and yields with it, 
by the addition of a small quantity of alkali, 
a salt which has a sweet styptic taste, and 
which has the properties of alum, we know 
that the basis of the salt was alumine, and 
that it belongs to the class of salts, called 
alum. 

4. But if the salt obtained by neutralizing 
the earth, with sulphuric acid, has a bitter- 
ish taste, and becomes decomposed by car- 
bonate of potash, and yields a precipitate 
which when ignited remains soluble in nitric 
and acetic acids ; it then belongs to the class 
of salts, having magnesia for its basis, called 
magnesian salts. 

t 2 
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In this manner we may ascertain the differ- 
ent salts which have hitherto been found 
amongst the mineral substances. There are 
others met with in mineral waters, the pre- 
sence and nature of which must be ascer- 
tained in a different manner. The salts here 
considered are only such as are found each 
in a separate state, and which appear homo- 
geneous. 

Before we conclude this subject we shall 
exhibit an 

EXAMPLE OF AN ANALYSIS OF A MIXTURE OF' 
DIFFERENT SALINE SUBSTANCES. 

Suppose wt had ascertained by previous 
experiments, in the way mentioned in the 
foregoing part, that an earth contained a 
mixture of different salts, viz. Sulphate of 
Magnesia, Muriate of Potash, Sulphate of 
Iron, Sulphate of Potash, and, Sulphate of 
Soda ; we then may proceed in the follow- 
ing way : 
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Process 1. Let a certain quantity of 
such earthy substance which has been pre- 
viously dried for two hours in the heat of 
boiling water, be extracted and freed from, 
saline parts, by digesting it with about .50 
parts of distilled water, in a glass matrass ; 
filter the whole, and wash the remainder 
upon the filter, with a little water, then dry. 
it in the same heat, and for the same time 
as before, and ascertain its weight. Th$i 

4- 

loss indicates the quantity of saline parts 
which were contained in it. 

2. Let a certain quantity of the saline li* f 
quid be evaporated to dryness by a geade 
heat. 

3. Digest the residue with high rectified; 
spirit of wine, as long as the spirit will $$- ; 
solve any part of the salt. This spirituous r 
solution mix with a little vyater, and ag^uv ; 
separate the spirit by distillation. » , : . . ,... /; 

4. Evaporate the remaining aqqeops « so T # 
lution neatly tp dryness, -.and suffer . ij ;$p r . 
crystallise ; let the salt be dried i^ the, s^pK; r 
degree of heat as the earth ^ rj ]bqen[Qx- 
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posed, and ascertain its weight, which will 
indicate the proportion of the salt which was 
taken up by the spirit, and which was muri- 
ate of potash ; this sab may be again de* 
composed, by dissolving a little of it in 
watery and adding to it sulphate of silver $ 
tins will occasion a precipitate which indi- 
cates the muriatic acid j and carbonate of 
potash added to it* will occasion no earthy 
precipitate, if the salt was merely composed 
of muriatic acid and potash. 

5. The salt which was not acted upon 
by the spirit, is then to be dissolved with 
a sufficient quantity of distilled water, min- 
gled with a litde acetous acid, and prussi- 
ate of lime gradually dropped into it, until 
it does not occasion* any more blue preci- 
pitate. The precipitate thus formed, must be 
collected on a filter, washed with a little 
water, dried, and made red hot in asimll cru- 
cible, whose weight is previously ascertained, 
and which has been ignited before the preci- 
pitate was put in i after which, the crucible 
is taken out of the fire and again weighed, 
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thus the proportion of the oxydof iron is 
ascertained. 

6. The remaining liquid from which. the 
iron is separated, is gradually to be mixed 
with acetite of barytes as long as any preci- 
pitate is thereby occasioned: the precipitate 
consists of the barytes contained in the. ace- 
tous solution which was added, and of the 
sulphuric acid contained in thfe salts ; the. 
whole is then put upon a filter, the precipi- 
tate carefully collected, dried, audits Weight 
ascertained. 100 grains of such precipitate, 
are equal to 23.5 grains of sulphuric acid. 

7. The remaining solution consists now 
of Magnesia, Potash, Soda, and Acetous 
Acid ; to separate them let it be evaporated 
to dryness, and ignite it in a smooth cruci- 
ble, until the acetous acid has been driven 
off by the heat ; the remaining substance is 
to be extracted by warm water, as long as 
the water  takes up any of it; the whole 
must then be transferred upon a. filter, arid 
the earth, which was the magnesia; be cok. 
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lected, dried, ignited, and i& .weight ascer- 
tained. 

8. The salt which the water had ex- 
tracted from the residue, i$ again saturated 
with acetous acid, and if after stirring lite 
solution, any earthy precipitate is observed,, 
h is to be filtered again, and the earth col- 

* lected upon the filter ; it is the portion of 
magnesia which had been taken up bjr the 
alkali, which is fikesriae to be dried and 
added to the weight of the: magnesia obtain- 
ed before. 

9. The filtered liquid is again evaporated 
by a gentle heat to dryness and afterwards 
digested in alcohol. This will take up the 
potash combined with muriatic acid, and 
leave the soda behind ; the alcoholic solu- 
tion ia evaporated to dryness^ and re-dissolv- 
ed in distilled water; and then mixed with 
acetite of lead, until all the muriatic acid is 
thereby separated ; the precipitated muriate 
of lead is then separated by filtration, and 
the filtered liquid evaporated to dryness ; 
afterwards ignited a little in a small smooth 
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crucible, whose weight has been previously 
ascertained ; when the acetous acid has 
been driven off by heat, the crucible is re- 
moved, and when cooled, it is immediately 
weighed : the overplus of the weight of the 
crucible indicates the weight of the potash. 
The muriate of soda, which was not dis- 
solved, is likewise treated in the same way, 
and thus the quantity of the soda ascer- 
tained, * : •ur.t'uiu'l).* •" 

J" If inflow take «>* dMie few 4 separated 
ingredient^ namely, the magiiesia, scftla, 
potash, and €he iron, *md saturate fcaeh sepa* 
rately with sulphuric acid, and then crys- 
tallise them ; we become enabled by that 
means >to : aicartaii* she quantity of each of 
the salts in thft stole :«&*hey were contained 
in the earthy substance, pretty accurately. 
This bdag awfee process; requires great 
accuracy ; and the rales for accomplishing 
it, wodd require more* room than ^could be 

aftotted* for it In-ffife ies&yV 

i 
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INFLAMMABLE FOSSILS. 



THE class of minerals remaining tQ&e 
^c^, ti *m thfcSb sajfed inflammably or 
c<mibustjb}e fo6sik* The principal eoin- 
bvstib|es of this class are* coats* sulphur, 
amber, ^bitumen. 
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j: Inflammable ftossik are such . mineral 
tttb&tty&s as ; U>m more </t less easily, or 
whose , principal, character is inflammability 
at not very high temperatures. They . are 
all insoluble, at least in their totality, in alco- 
hol, as well as in water, and acids ; but 
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yield generally more or less to some species 
of volatile oil, or to sulphuric ether. Their 
specific gravity is below or scarcely ex- 
ceed 2°, unless loaded with foreign matter. 

NATURAL HISTORY OF COAJ.S. 

Coals are commonly found in hilly situa- 
tions, always under strata of grit, which is a 
mixture of sand and clay ; or under schistus 
which is an indurated day, splitting into 
layers, forming either slates, or a substance 
called shivers; according to its fracture. 
Coals are found on the mountains in strata, 
from a few inches to some feet in thickness, 
alternating with strata of grit-stone andschis- 
tus. The beds of coals run in various di- 
rections, generally with a dip or inclination 
from the horizontal position. They are fre- 
quendy intercepted by columns of other 
matter ; and the continuation of the bed may 
be higher, or lower, than the part from 
which it has been, or seems to have been 
separated. The continuation too sometimes 

u 
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takes the same, sometimes a very different 
degree of inclination, or dip. It generally 
happens that the first stratum of coals, that 
we come to, is not worth working, either 
from the inferior quality of the coal, or from 
the stratum being of too little depth. From 
the degree and direction of the dip, and the 
level of the country ; much information is to 
be obtained, concerning the proper places 
for opening the pit. A variety of circum- 
stances require to be taken into considera- 
tion, to work a coal mine to the greatest ad- 
vantage, or to determine whether a mine 
ought to be worked at all. Evep in coun- 
tries or in those parts of the country, where 
none have been found, very probable conjec- 
tures may be formed concerning their pre- 
sence, by attending to the soil, to the general 
appearance of the country, and to the kind 
of clay, sand, or other earth, that is found 
when the soil is removed. There are cer- 
tain appearances that indicate the presence 
of coals; but these indications are subject to 
variations, and often appreciable by other 
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rules. The business of mining in this de- 
partment, is therefore intricate as that of 
ores, and none ought to enter upon it, with- 
out a practical knowledge of it, or the assis- 
tance of a practical miner. 

With respect to the origin of coals, the 
n>Ost probable supposition is this : 

That they originate from vegetables; but 
a few forests bong buried in the earth are 
not sufficient to form the mountains of coal 
which exist in its bowels. A greater cause 
more proportioned to the magnitude of the 
effect is required ; and we find it only in 
that prodigious quantity of vegetables which 
grow in the sea, and is increased by die im- 
mense mass of those which are carried down 
\py rivers. These vegetables carried away 
by £he. currents, are agitated, heaped to. 
gather, and broken by the waves, and after- 
wards become covered with strata of argil- 
lapeous earth, or sand ; they undergo a gra- 
dual decomposition, and form so many strata 
of coal, placed alternately with strat^ of clay 
and sand. It is indeed easier to conceive 
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how these masses of vegetables may form 
strata of coal, than that remains of shells, 
should form so great a part of the globe. 

That the coal itself is of vegetable origin, 
is fairly inferred from a variety of vegetables, 
remains, and impressions of animals, that are 
both found in the strata of coal, and in the 
earthy strata, above and below them- That 
it is of submarine origin, also appears obvi- 
ous from the presence of shells, the impres- 
sions of fish, and other productions of die 
ocean. The popular opinion that coals grow 
like vegetables, so that the mines that are 
exhausted may be opened again and worked 
after a series of years, is too erroneous to 
need any formal refutation. We need not 
however be alarmed for the want of future' 
generations, as to this useful article. The 
immense beds of coal yet untouched will 
amply supply many thousands of generations 
to come ; and there is no doubt but the same 
process that produced what we at present' 
use, is still continued, and that some future 
convulsions of nature, bring to light new coal 
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mountains perhaps from the bottom of the 
ocean ; for that, it is most probable, is the 
place where nature had fixed her laboratory, 
for preparing this fuel for distant ages. ~ 

ANALYSIS OF INFLAMMABLE FOS31LS. 

The complete analysis of inflammable fos- 
sils would require a particular treatise : our 
object however is to determine in a ready 
manner the relative proportion of combusti- 
ble matter, or carbon, which different species 
are capable of yielding, in order to be en- 
abied to judge in some respect which are 
most advantageous in ordinary processes of 
combustion : for the method of accomplish- 
ing this we are indebted to Kirwan. The 
only combustible substance of which it will be 
necessary to speak for that purpose, are 
coals. 

Coals, ait least those which are chiefly em- 
ployed for fuel ane composed of carbon or 
charcoal, bitumen, some portion of earth, 
and a small quantity of metallic matter. 
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The proportion of carbon may be ascer- 
tained by observing the quantity of nitrate 
q{ potash Which a /given quantity of coal is 
capable of decomposing. This may be ef- 
fected in the following manner. Let 500 
grains, or more of perfectly pure nitrate of 
potash be fused in a crucible, and when red 
hot, let the coal to be examined, coarsely 
powdered, be projected on the fused nitre, 
by little at a tinie, not exceeding one or two 
grams. Immediately when the detonation 
produced by the addition bf one projection 
of coal' has ceased, add a new portion till it 
produces no ferther effect The proportion 
gf carbon in the cdftl is directly proportionate 
to die quantity required /or die: decomposi- 
tion of the nitrate of potash. Thus Kirwaii 
found xhaft I2JQ9 of carbon are necessary to 
decompose LOO of nitrate of potash : it will 
be easy to deduce the quantity of carbon, in 
a giyen weight of p<x*l, from tfep: quantity of 
nitrate of potash .which jt is capable of de. 
composing*, . ; Kirwan found jthat' 480 grains 
of niti^t of potash required 50;©f KUkeriay 
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coal to decompose it by this method. 
Therefore 10 grains would have decom- 
posed 96 of nitrate of potash ; precisely the 
quantity of charcoal which would have pro- 
duced the same eflect. Therefore Kilkenny 
coal is 'composed almost entirely of carbon* 
Cannel coal, when burnt in this manner/ left 
a residuum of 3.12 in the 100 parte of earthy 
ashes, 66.5 of it were required ta decompose 
480 grains of. nitrate of potash; but 50 of 
charcoal would have been sufficient : there- 
fore 66.5 grains of Cannel coal contain 50 
grains of -charcoal, and 2.08 of f earth 'y- the 
remaining 14.42 grains must be bitumen. 
. In a similar manner the composition of 
any other coal may be ascertained. 

The proportion of earthy, or metallic in- 
gredients may be ascertained by burning the 
coal, with free access of air. What remains 
unburnt must be considered as an impurity, 
its weight may be ascertained, and the na- 
ture of the earthy and metallic substances 
analysed, according to the rules laid down, 
in die preceding pages of this essay. 
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With the close of this subject terminates 
the plan of this essay, In the preceding 
pages it has been endeavoured to exhibit a 
view of the beat methods of analysing mine- 
rals* It is but a sketch which has been 
given, for to have entered more folly into 
every detail, would have immeasurably 
swollen out this essay. The design was 
merely to furnish examples of the best me- 
thods of examining chemically mineral sub* 
stances in general, in order to refer tbem tor 
their respective {daces, according to any of 
the adopted systems of mineralogy. 



THE END. 
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